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Abstract
Traditionally, education in Saudi Arabia has tended to lay considerable emphasis on the 
correct recall of memorised information. In the early years of the 21st century, 
education policy in Saudi Arabia began to consider the introduction of the concept of 
critical thinking into the curriculum. At the same time, the role and place of the sciences 
in the curriculum have increasingly been emphasized, the aim being to equip future 
generations with the skills thought important in taking the country forward. This study 
is, therefore, set in Saudi Arabia and focuses on the nature and development of critical 
thinking in the context of the current curriculum in the sciences.
After describing the educational scene in Saudi Arabia, the thesis focuses on what is 
known about thinking in general and critical thinking in particular. The aim here is to 
move towards the development of a model of critical thinking and some kind of 
operational description against which test material can be developed.
At that stage, it was recognised that, while critical thinking might be conceptualized as a 
set of cognitive skills, there is a strong attitudinal element. In simple terms, the learner 
needs to know how to think critically but also be willing to use these skills. There is a 
very brief review of some key research in the area of attitudes, including the principles 
of measurement which underpin the way  the perceptions and attitudes of the learners are 
considered in this study.
The cognitive nature of critical thinking is then related to two key  research contributions 
of the 20th century: the work of Jean Piaget and David Ausubel. Critical thinking takes 
place in the working memory  and the insights from information processing are 
discussed, looking at  the ways information moves around the brain and the implications 
for the development of critical thinking are discussed.
This study aims to explore how to measure critical thinking and to determine whether 
critical thinking skills can be developed in science subjects in school pupils.  To achieve 
this aim, a model of critical thinking was first developed representing that thinking 
critically  basically involves asking the questions how, what and why of new sources of 
information, the information itself and the linking processes involved in understanding. 
A test  of critical thinking was developed based on this model. The data from this test 
were related to several other educational measures: student perceptions, working 
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memory capacity, understanding science, school marks in science. Interviews with 
teachers and school inspectors were also conducted to explore their perceptions. The 
researcher is confident that the model and test  make a contribution to the literature, as 
well as being of benefit to Saudi Arabia and to other countries.
Critical thinking was measured with a total of 240 pupils, 120 girls and 120 boys, aged 
between 13 and 15, in classes 1, 2 and 3, in six Intermediate Schools in Saudi Arabia in 
the academic year 2009-2010.  The questions in the test were designed so that success 
in the test relied on one or more of the aspects of critical thinking. The outcomes were 
related to working memory capacity  and school science performance while student 
perceptions were measured.
Principal Components analysis using Varimax rotation showed that  the test designed to 
measure critical thinking was not measuring either science knowledge or understanding 
nor was it a measure of working memory capacity, but the school marks were highly 
correlated with working memory capacity. It was found that the measured critical 
thinking grew from year 1 to year 3; possible reasons are suggested. While the validity 
of the critical thinking test is not certain, it  is not simply a measure of knowledge and 
understanding or of working memory capacity  although any critical thinking would take 
place in the working memory. The survey offered many insights but, in particular, it 
revealed that most pupils had a negative attitude to science and showed broadly 
negative perceptions of science.
The following experiment aimed to determine whether critical thinking skills could be 
developed in science subjects in school pupils. A fresh sample for the second 
experiment consisted of 1,600 pupils, from 12 schools, 800 girls and 800 boys, 400 of 
each in grade 1 (aged 13) and 400 in grade 3 (aged 15).  Of these 400, 200 were in 
control groups and 200 in experimental groups. The pupils in the experimental groups 
were taught critical thinking skills using teaching material specifically developed for 
this research (which took 9 weeks to complete) and with a method proposed for it, while 
those in the control groups were taught in the normal way.  The following were 
measured: student perceptions, working memory  capacity, critical thinking, and 
understanding.  The first two tests were identical to those used in experiment 1 and the 
critical thinking test was only slightly  modified. In addition, their school marks were 
taken to make a fifth data set.
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Analysis of the data showed that critical thinking skills grew significantly  after use of 
the new materials, with year 3 showing greater growth. Despite attempts to make the 
material gender neutral, boys were found to be better at critical thinking skills, although 
this may  simply reflect  gender-separated education. Principal components analysis 
again showed that critical thinking test  data is unrelated to measured working memory 
capacity, measures of recall, and measures of understanding.
The student survey was carried out with the purpose of examining pupils’ attitudes 
towards various aspects of thinking and critical thinking in the context of science 
teaching and some unexpected gender differences were observed. In the test of critical 
thinking skills, girls and boys in the experimental groups both performed better than did 
the control groups but the girls did not appear to be convinced that this is the case. 
A total of 98 science teachers and science inspectors were interviewed in order to 
explore their perceptions of critical thinking in science education. A range of themes 
was explored and there were some differences in their views which, in turn, did not 
seem to match the views of the students.  Implications are discussed.
The overall conclusions are that critical thinking can be measured and that it can be 
enhanced with school learners aged in the range 13 to 15. However, it is vital that 
educational policies, resources, national assessment and teacher training be adjusted if 
the development of critical thinking is to make much progress in Saudi Arabia. The 
limitations and implications of the study are outlined.
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Chapter 1 
Introduction
1.1  Introduction
Education is one of the main causes of change in society, and prepares school students 
to live in an ever-changing society  where knowledge is expanding exponentially.  In any 
contemporary  society, education plays a key part. It is of great importance to impart  to 
the coming generations the experience and knowledge of previous ones. However, it is 
equally important that they be taught how to apply  this knowledge.  In Saudi Arabia, as 
in many other developing and developed countries, as the world is becoming like a 
small village, it is essential to develop a knowledgeable and well-trained workforce in 
order to compete in the international market and therefore contribute to the national 
economy and to society. 
Saudi Arabia is considered to be among the most rapidly developing countries in the 
Middle East. With a view to the future development of the country, the Ministry of 
Education in Saudi Arabia is attempting to change the education system at all levels in 
order to equip future generations with thinking skills that can assist them in problem 
solving and decision making. To accomplish this, a new perspective is required for 
educational development as, in the past, the education system in Saudi Arabia has 
emphasised memorisation and rote learning. In this regard, recent years have seen the 
introduction of the concept of critical thinking into the curriculum.  Learning to think 
critically  implies that future generations of Saudi pupils will be taught to use their own 
judgments concerning what they learn, read, see, or hear and what is happening around 
them, rather than accepting at face value information from the media, and leaving 
themselves open to potential manipulation. 
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Although educational leaders in Saudi Arabia have decided that critical thinking should 
be emphasized in schools, there has been little attempt to describe what is meant by the 
phrase. Furthermore, there has been no attempt to develop  strategies and teaching 
materials to encourage the development or to suggest ways by which success or 
otherwise can be measured. 
Recent technological progress has led to information being more accessible than ever 
before.  This has resulted in an increasing need to know what knowledge to look for and 
how to evaluate the worth of the knowledge that  is found.  However, if individuals learn 
to think critically, they learn how to reflect on what has been said or written and in the 
future they will be able to make reasoned judgments and important decisions. While this 
is widely agreed, how to develop critical thinking has yet to be explored.
The motivation for this research came from the researcher’s own experience in the 
educational field.  The researcher had worked as a teacher of general science and 
biology  in public schools (elementary, intermediate, and secondary) for ten years.  He 
was also Principal of the Teaching Practice office at the Teacher College in Taif, Saudi 
Arabia from 2001 until 2006 before taking up a post at  Taif University.  There, he taught 
science education courses, including methods of teaching sciences, and supervised some 
new teachers in their teaching practice.  Throughout his teaching practice, he was aware 
that teaching and learning at all levels in Saudi Arabia were centred around 
memorisation and recall.  From his reading of academic literature, the researcher was 
aware of the significant part played by critical thinking skills in education, particularly 
in developed countries.  Critical thinking was (and remains) a little-known concept in 
Saudi Arabia, although in the age of the knowledge economy it is becoming 
increasingly  important in all fields. If Saudi Arabia wishes  to take its place in the global 
economy it is necessary to move forward from rote learning towards critical thinking. 
This has been recognised by the Saudi Ministry of Education, and that is their aim; 
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however, it is not always entirely clear what is meant by critical thinking.  Moreover, 
the researcher also remarked that in the literature, critical thinking skills were frequently 
measured by survey, despite evidence that these skills cannot feasibly be measured in 
this way.  It was thus that he became motivated to develop a model to obtain an 
operational description of critical thinking skills based on information and then to 
develop a test to measure critical thinking and to compare it to other measurements.
Specifically, according to Sutherland, Shin and Krajcik (2010), science is a core 
competency for living and working in the 21st century and critical thinking has become 
even more important than previously, as the advent of new technology has made 
communication more rapid and we are living in a knowledge society.  Gardner (1983: p.
2) stated that, “We live in a golden age of science and technology, an age of space 
walks, satellite communication, and amazing advances in computing, in medicine, in 
chemistry. But if we examine the findings reported in the international research 
literature on students’ interests in science, we cannot yet claim that the golden age of 
science education has arrived.” It is considered that science will pervade all aspects of 
life and, at the recent Fifth Science Conference in Saudi Arabia (held in Makkah, 2012), 
considerable emphasis was placed on the role of the sciences in society.
Overall, it  is essential that emphasis be placed both on science education and on critical 
thinking in schools in Saudi Arabia.  Therefore, the function of schools has changed 
from teaching students how to learn to teaching them how to think.  This implies that 
pupils will ask questions when faced with any  new information or problem, be it 
familiar or unfamiliar, rather than accepting anything without being as sure as they  can 
be that it is logical. If learners are taught to think critically, they will ask the three key 
questions (how? what? why?) about information itself, the sources of information, and 
the linking process of information. Therefore, learning with understanding is the one of 
the most important aims for learners in science education. 
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1.2  Aim of the Study 
Given the current situation in education provision in Saudi Arabia and the commitment 
to encourage critical thinking, this study seeks to: 
Identify essential features of critical thinking with a view to developing an 
operational description as a basis for designing test material which can measure 
critical thinking skills;
Explore how to measure critical thinking, seeking to gain evidence on the validity 
of the test material and relate it to other educational measures.
Determine whether the skills of critical thinking can be developed in the science 
courses studied by students (both male and female) in Saudi Arabia;
Explore any age or gender differences in the way  critical thinking skills exist or 
can be enhanced;
Consider the views of teachers and school inspectors in relation to their 
understandings of the nature and development of critical thinking skills in the 
current education scene in Saudi Arabia.
1.3  The main research questions
The aims can be translated into research questions:
(1) Can critical thinking skills be described operationally?
(2) Can critical thinking skills be measured?
(3) Can critical thinking skills be developed?
(4) How do critical thinking and its possible development relate to:
 Attitudes towards science subjects
 Performance of Saudi students in examinations
 Performance of students in understanding science 
 Age of students
 Gender of students?
(5) How do teachers and inspectors in Saudi Arabia see critical thinking and its 
development?
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1.4  The importance of the research
Recently  published work in science education has revealed important insights into the 
nature of scientific thinking and how it can be measured and developed. This work also 
showed how scientific thinking differs from critical thinking (Reid and Serumola, 2006, 
2007; Al-Ahmadi and Oraif, 2009; Al-Ahmadi and Reid, 2011, 2012). The time is now 
right to move from scientific thinking to look at critical thinking, which has a 
potentially wider application across the curriculum.  Specifically this study
(1) Responds to calls by Saudi educators (curriculum developers, teachers, and 
inspectors) to reconsider students' thinking: how they think, particularly 
critical thinking, seeing thinking as more important than what they learn. 
(2) Has the potential to bring benefit to enrich science education in Saudi Arabia 
and develop learning more in line with global trends in science education. 
(3) Recognizes the need to develop operational descriptions of critical thinking 
so that curriculum planners and teachers will have a clearer picture of the 
aims being sought;
(4) Recognises that many have rightly argued for the development of critical 
thinking skills at  school levels but there an unfortunate lack of studies which 
have developed strategies and materials which can be shown to enhance the 
skills.
1.5 Study Population and Samples Used
Although the study is set in Saudi Arabia, it  is hoped that the general findings will be 
applicable in all countries. The population of the study  comprises all male and female 
pupils in the first, second and third grades (ages 13-15) in the public intermediate 
schools in the Taif area in the first academic term of the school years 2009/2010 and 
2010/2111. From this population, samples were chosen, using stratified random 
sampling.
5
Chapter 1
The research instruments used will be described in the experimental chapters of this 
thesis.  Much of the data obtained will be quantitative in nature and will be handled 
using appropriate statistics. These statistical techniques will be described in detail as 
they  are employed. Some of the data will be qualitative and will be explored using 
qualitative data analysis techniques to identify common themes and patterns.
Grades 1, 2 and 3 in Intermediate schools were chosen because of the outcomes from 
the research on scientific thinking. Here it  was found that the development of scientific 
thinking rarely occurred before about age 16. This was largely  because the concept of 
the hypothesis was inaccessible at  younger ages.  Critical thinking is not fundamentally 
centred on hypothesis formation and testing and it was considered that critical thinking 
skills might be accessible at  a slightly  younger age. At the same time, working with 
learners under the age of 12 was felt to limit the possibilities of critical thinking too 
much.
1.6 Structure of the Study
There are 13 chapters in this thesis and they  are designed to tell the story of the entire 
investigation. The following structure has been used:
Chapter 1: This is the introduction to the study, presenting a brief overview of the 
background to the study, the research aim and objectives, and the structure of the study. 
Chapter 2: The second chapter reviews literature on the education system in Saudi 
Arabia and its purpose is to place the research in its context.
Chapter 3: This chapter introduces the concept of thinking and reviews literature on this 
topic. It begins by offering various definitions of thinking in the literature, then 
continues by discussing characteristics of thinking, the connections between thinking 
and language and thinking and memory. It  then continues to review literature on 
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thinking techniques, thinking patterns and theories, and the importance of thinking.  It 
also discusses techniques for improving thinking skills and teaching thinking skills.  It 
also review literature on types of thinking. 
Chapter 4: This chapter reviews literature on critical thinking, comprising the history of 
critical thinking, the importance of critical thinking, criteria and conditions of critical 
thinking, the various definitions of critical thinking, key features of critical thinking, 
critical thinking in science education, and how to teach critical thinking. It also deals 
with evidence for assessing critical thinking, studies in critical thinking, the differences 
between critical thinking and other types of thinking, and the characteristics of critical 
thinkers. The aim is to develop a clearer picture of what is meant the term and to lead to 
the development of an operational description to be used as a basis for development 
measurement.
Chapter 5: This chapter deals with the literature on attitude, including the definitions of 
attitude, the importance of attitude, attitude in science education, the link between 
critical thinking and attitude. In addition, it discusses the measurement of attitude.  It 
then discusses the interviews and validity and reliability  in this study. It is clear that 
critical thinking involves not only the ability  to apply certain skills but also a 
willingness to apply them, the latter stemming very much from attitudes towards what 
critical thinking can offer.
Chapter 6: Critical thinking needs to be learned. The interesting question is what 
research has revealed about how learning takes place. This chapter considers learning 
and related topics. The chapter will focus primarily on the insights from the findings of 
two leading 20th century researchers, Jean Piaget and David Ausubel. Both made major 
contributions and the chapter will only  focus on those aspects of their work which have 
contributions to make in understanding how critical thinking might develop.
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Chapter 7: In this chapter, the discussion moves from a review of what two key 
researchers have found about learning to consider something of the mechanisms 
operating in the brain as understanding takes place. This is the world of information 
processing.  This involves a discussion of the nature of memory, understandings of 
human memory, three components of memory and the way  information moves between 
these components. The implications for the development of critical thinking are 
discussed.
Chapter 8: This chapter considers whether critical thinking can be measured. It presents 
the construction of a model of critical thinking, and describes how the first experiment 
was designed. The methodologies used are outlined. The aim here is to measure critical 
thinking and relate that measurement to other educational measures. Issues of validity 
and reliability  are discussed and the tests used are presented. The results of the first 
experiment are given and discussed. The outcomes from this experiment determined 
what was explored next and this is summarised in the following chapter.
Chapter 9: In the light of the findings in Chapter 8, this chapter addresses the question 
of whether critical thinking skills can be developed. It outlines the methodologies 
employed and the measurements made. The aim here is to design and employ  new 
teaching materials which were designed specifically to enhance critical thinking in the 
learners. This was in the form of booklets which were developed for two age groups: 
Year 1 and Year 3. This chapter also discusses the study population and the five tests 
used in the second experiment, including their validity  and reliability, as well as another 
new test using structural communication grids. The chapter also presents the interviews 
with teachers and inspectors. 
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Chapter 10: This chapter presents the results from the experiment outlined in Chapter 9 
and discusses the ways the data from the test materials were analysed. The conclusions 
to be drawn from the analyses are discussed and their implications explored.
Chapter 11: In this chapter, the results of the survey  of student views relating to their 
experiences in using the new teaching materials are outlined and discussed. Age and 
gender differences are explored where appropriate.
Chapter 12: This chapter presents the structure and results of the data analysis of the 
interviews of teachers and school inspectors. It draws together the findings of the 
groups with the findings from the views of the students.
Chapter 13: This brings the study  to a conclusion.  It summarises the structure and 
results from the experiments undertaken, the overall conclusions, the limitations and 
implications of the study and reflections on the study.  
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Chapter 2
Education in Saudi Arabia
2.1 Saudi Arabia: Country Profile 
The Kingdom of Saudi Arabia is the largest country in the Middle East (Ministry of 
Culture and Information, 2011). Saudi Arabia was founded by King Abdulaziz Al-Saud 
in 1932 (Al-Sadaawil, 2007) and was named after the royal family (Al-Baadi, 1995).  It 
is located in south-west Asia and forms more than 80% of the the Arabian Peninsula 
(Al-Ghanem, 1999). Its location is shown in Figure 2.1 (Siddiqui, 1996). 
Figure  2.1   Map of Saudi Arabia (CIA World Factbook, 2011) 
Its area is roughly 2,250,000 square km (Al-Ghanem, 1999; Al-Sadaawi, 2007). It  has a 
very strategic location at the crossroads of Europe, Asia and Africa and has long 
coastlines, one beside the Red Sea and the other along the Gulf (Ministry of Culture and 
Information, 2011). Al-Sadan (2000) records that Saudi Arabia has thirteen 
administrative regions and more than 6,000 villages, towns and cities. It is a very 
important country in Islam because it has the holy  mosque (Ministry of Culture and 
Information, 2011).
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Saudi Arabia’s terrain is, mostly, desert with limited sources of water. Up to the 1960s. 
(Al-Ghanem, 1999). Saudi Arabia is very  conservative and follows a strict interpretation 
of Islamic Shari’ah law.  Men and women are not allowed to attend public events 
together and are separated in the workplace, with the exception of hospitals.
Saudi Arabia was declared a sovereign state in September 1932 and was at that time one 
of the poorest countries in the world (Griffin and Algren, 1988). In 1973, oil was 
discovered in the Eastern province (Ghamdi, 1982).  Oil concessions were granted and 
money  began to come into the country (Griffin and Algren, 1988). Change was then 
inevitable in Saudi Arabia and the government began to consider how to meet the 
challenges these changes brought (Al-Ghanem, 1999). 
The population has grown rapidly in recent years, from just over 7 million in 1974 to 
16.9 million in 1992, 20.8 million in 2000 (SAMIRAD, 2006) to 25.7 million  (of 
whom 5.57 million were non-Saudis) in 2010 (CIA World Factbook, 2011). It is a 
country  with a high percentage of young people due to the high birth rate.  In 2011, 
29.4% of the population was aged 14 or under, with a slightly higher percentage of 
males to females (CIA World Factbook, 2011).
Saudi Arabia is ruled by an absolute monarchy, with the King as the head of the 
government and the Council of Ministers. The Quran and Islamic Shariah law are the 
basis of the constitution.  Islam guides all aspects of life, legal, social and cultural, in 
Saudi Arabia.  Islam emphasises education (Oyaid, 2009).  Indeed, Al-Salloom (1988) 
points out that education is a religious duty for all Muslims, male and female.  In 
accordance with Islamic principles, girls’ and boys’ education is strictly segregated after 
nursery school (Oyaid, 2009).
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2.2 History of Education
The earliest organised education began in the Arabian Peninsula in the 7th century with 
the teaching of the Quran and Islamic studies in small schools known as khuttabs (Al-
mazro, 1997). For many centuries, khuttabs were the only  type of education in the 
Arabian Peninsula, apart from the western part where the Turks had introduced 
centralised governmental education (Almazro, 1997; Ministry of Education, 2001; 
Almegidi, 2004). Abdulwahab (2002) noted that  education was provided only  for boys 
in the khuttabs. 
The Directorate of Education (DOE) was established in 1924 by King Abdelaziz (Al-
Sadan, 2000). In 1926, the first formal education system was established in Mecca and 
twenty-one years later there were 66 schools with a total of 10,000 pupils, all male 
(Hassan, 1979).  Fewer than 10 years later, there were 326 elementary schools, 75 
secondary  schools, one vocational school, 8 teacher training institutes and 6 schools for 
teaching English (Al-Salloom, 1988).
In 1953 the DOE was replaced by the Ministry of Education (MOE), which was entirely 
responsible for boys’ education. The MOE aimed to implement the most up-to-date 
educational theories and connect education with social and economic progress in the 
Kingdom but learning by rote is still very common in Saudi education (Rugh, 2002). 
Girls’ education came later and, in 2002, it was transferred to the Ministry’s  authority 
(Al-Baadi, 1995).  
In Saudi Arabia, the education policy is controlled by the government.  The curriculum, 
syllabus and textbooks are identical throughout the country.  The Ministry  of Education 
is in charge of all education, apart from higher education, which is run by a separate 
Ministry (Oyaid, 2009). The Ministry  of Education is responsible for the all aspects of 
general education, including the education policy (Oyaid, 2009).
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2.3 Education System
The education system is highly  centralised (Oyaid, 2009; Al-Degether, 2009) and all 
schools in Saudi Arabia use the same textbooks. Education is compulsory in Saudi 
Arabia for children between the ages of six and fifteen.  There are four stages of general 
education. The pre-school stage is optional and is for children from the age of three to 
six.  Then, between the ages of six and twelve, children attend primary school. 
Intermediate school is for students aged 12 to 15 and secondary for those aged 15-18 
(AlShumaimeri, 1999). There are two semesters of 18 weeks each. Teaching and 
learning take place in the first  sixteen weeks, with exams being held in the last two 
weeks.  Teachers have to formulate the questions from the textbooks and they do not 
cover any topic which is not in the textbooks.  Students learn only  from the textbooks 
(Al-Degether, 2009).
In 2004, the Ministry  of Education issued a ten-year plan with the aim of improving 
Saudi Arabia’s international standing in education.  The main points of this plan are 
outlined below:
Ten-year plan:
(a) The quality of teachers should be improved;
(b) Education to be compulsory for all children aged 6-18;
(c) All students must be given the opportunity to have cultural and educational 
experiences which will assist them to improve their knowledge of science and 
mathematics;
(d) The quality of the educational system will be improved; 
(e) Modernise information and communication technology; 
(f) The curricula will be developed “according to Islamic values, to build character in 
students and provide them with knowledge and logic skills”
(Ministry of Education, 2004, pp. 20-21).
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2.4  The Ministry of Higher Education
The Ministry of Higher Education is responsible for all aspects of higher education in 
Saudi Arabia, including scholarships and educational scholarships abroad. There are 
now twenty-one universities in Saudi Arabia, with 4 years to gain a Bachelor degree in 
the social sciences or the arts and 5 years or more to obtain a Bachelor degree in 
sciences such as engineering and medicine. School teachers are trained in universities 
and Teacher Training colleges (Oyaid, 2009).
Higher education in Saudi Arabia is completely centralized and free for all students. In 
recent years, the government has given licences to private colleges and universities to 
open throughout the country  to take the pressure off the public universities and colleges. 
In addition, the education system in Saudi Arabia is gender-segregated, including at 
higher education level (Al-Degether, 2009). 
Recently, questions have been raised regarding government regulation and the fact that 
a large part of the curriculum is given over to the study of Islam and the history of the 
ruling party (Rugh, 2002).  Questions have also been raised about the competitiveness 
of Saudi Arabia’s higher education in the global economy and its relevance to the 
requirements of modern-day society.  The Ministry of Higher Education ensures that 
government universities are run in conformity  with Saudi Arabia’s ideology  and rules. It 
has, therefore, been questioned whether such control is relevant to the requirements of 
modern-day society (Al-Degether, 2009).
Moreover, the global economy requires people who are expert in economics and IT and 
who have problem-solving skills, but until very recently  more Saudis graduated in 
Islamic studies, Arabic and other humanities than in such fields as engineering, science, 
economics and so on (Al-Degether, 2009). However, the most popular subjects in higher 
education were religion, Islamic law, in the past (Rugh, 2002).
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2.5 Policy and Philosophy of Education in Saudi Arabia
The entire Saudi educational system was designed to apply the Islamic philosophy on 
which the country  was originally founded. The philosophy behind Saudi education is 
therefore to spread Islamic thinking and culture while at the same time offering the 
country educational and technical expertise (Al-Ghanem, 1999).
The MOE issued a policy document in 1970, which is still applied currently, stating that 
education must teach students about God and Islam at all stages of education and in all 
fields (MOE, 1984). Therefore, it can be seen that the Saudi educational policy has 
Islam as its basis, as Islamic principles inform every aspect of life in Saudi Arabia 
(Otibi, 1993).  The aims are summarised below:
Aims underpinning Saudi education:
(1) To encourage an integral Islamic concept of life, mankind and the universe.
(2) To stress that in this life on Earth every human being invests their capacities with a 
complete comprehension of and faith in the after-life.
(3) To encourage faith in human dignity as set out in the Quran and to cooperate with 
other countries in the interests of justice and peace. 
(4) To stress the importance of scientific knowledge in constructing a new society and 
fostering various kinds of thinking in young people.
(5) To judge theories and applications of science and knowledge from an Islamic 
viewpoint.
(6) To benefit from all types of human knowledge and experiences.
(7) Science and technology are the most  important means of cultural, social, economic 
and physical development.
(8) Align all the stages of education with the state’s general development plan.
(9) Encourage interaction with other countries while remaining cautious.
(10) Offer individuals opportunities to develop and take part  effectively in the 
development of their communities.
(11) To stress the right of females to have the same educational opportunities as males.
(12) Arabic should be the language of instruction at  all stages unless requirements 
necessitate the use of another language.
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In the light of these principles, the MOE (1970) specified the following goals:
๏ The student must  be provided with the necessary information and skills to become a 
worthwhile member of society.
๏ The students’ feelings about  society’s problems (e.g. social, economic and cultural) 
and to assist in resolving them.
๏ Individuals’ dignity must  be reinforced and he/she must  be given equal opportunities 
to develop his/her skills to participate in the development of the country.
๏ To encourage the ethos of scientific thinking and research, reinforcing observation 
and to inform the student about God’s miracles and wisdom in order to orient social 
life  in the right direction.
๏ To teach students about great  achievements in literature, science and other fields, 
showing that scientific progress results from the efforts of all mankind.
๏ Mathematical thinking, arithmetical skills, reading skill and reading habits should all 
be developed and the student  should be trained in the use of the language of figures 
and its uses in the scientific field.
๏ To teach students to express themselves correctly in speech and in writing.
๏ To teach students at least one foreign language so they can benefit from it.
๏ To view each student  as an individual and to be able to direct them and help them to 
grow in a way best suited to their abilities.
๏ To allow students to have the opportunity to do manual work and gain experience in 
laboratories, building and agricultural work. 
๏ To study the scientific principles of various activities in order to encourage progress 
and innovation in mechanical production. 
2.6  How General Education in Saudi Arabia is Structured and Organised 
Saudi Arabia has four stages in general education: pre-school, primary, intermediate and 
secondary.  There are several grades in each stage. When students pass exams in one 
stage they can proceed to the next stage (Al-Ghanem, 1999). However, currently in 
primary schools there are no exams, but students are evaluated by a system of 
continuous assessment.
The structure of the system (Al-Saloom, 1991; Al-Ghanem, 1999) is outlined in table 
2.1.
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The Structure and 
Organisation of General 
Education
Some Information
Pre-school nursery groups 3 Years old to  5 Years old
Own private buildings with a 
special staff and a specific
curriculum.
Elementary Education
(General science Education)
Grades one through 
six
Starts at six years old, with the aim of 
teaching students to read and write, and to 
give them basic knowledge and skills in 
mathematics, arts, science, health 
education and religious studies. English is 
also a compulsory subject at this stage. 
Science teaching is general.
6 to 7 periods of 45 minutes per 
day, with 16 weeks of classes and a 
2-week exam period over 2 
semesters.
During this stage, the students are given general information in all subjects to prepare to build their knowledge in 
a clear and simple way.  At the end of this stage, they are taught more specific information to prepare them to 
move to the next stage, Intermediate education.
Intermediate Education
(General Science Education)
Grades seven through nine
For students aged between 13 and 15. 
They are given more specific information 
than in elementary school. Science is now 
divided into units for physics, biology, 
chemistry, geology and astronomy in the 
same textbook, particularly in the 2nd and 
3rd grades.
7 to 8 periods of 45 minutes per 
day, with 16 weeks of classes and a 
2-week exam period over 2 
semesters.
In the intermediate stage, there is a focus on discovering the abilities and orientation of the students, hence giving 
them a foundation of knowledge and skills which  will enable them to undertake secondary education. 
Secondary Education
 (Chemistry, Biology Physics, 
Geology)
grades ten through twelve
This is the last stage of general education 
and is for 
students aged sixteen to eighteen. Science 
is divided into physics, biology, chemistry 
and geology with different textbooks for 
each.
7 to 8 periods of 45 minutes per 
day, with 16 weeks of classes and a 
2-week exam period over 2 
semesters.
At this stage, students are given a thorough knowledge of each of their chosen subjects. The curriculum is very 
specific and aligned with international tendencies.
Teacher Education
The  Ministry of Higher Education offers three programmes of teaching qualifications: one to prepare elementary 
teachers, one to prepare intermediate and secondary school teachers, and one, for women only, to prepare nursery 
school teachers.
Table 2.1   How general education in Saudi Arabia is structured
(Source: Author after Al-Saloom, 1991; Al-Ghanem, 1999)
2.7  Science Education
There has been science education in Saudi Arabia since the establishment of the general 
Directorate of Education in 1926. There have been many developments in science 
education since then, corresponding to the Saudi government’s development plans. 
There are only a few documents on the history  of science education in Saudi Arabia, 
notably the study by Al-Rashed (1986).
According to Al-Mayzed (1975), there was no science education in the elementary 
school curriculum before 1926. Even in 1926, when secondary school was begun at the 
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Saudi Elmi Institute, science was not originally on the curriculum (Al-Hussaini, 1983; 
Al-Saif, 1981; Al-Mayzed, 1975). In fact, it was not until 1937 that science education 
entered the secondary  education curriculum (Al-Hussaini, 1983). Physics, chemistry 
and biology were included in this curriculum and these were joined by  geology in 1962 
(Al-Hussaini, 1983).
The science curricula were taken from the Egyptian educational system until the 
mid-1960s.  Abdul-Wassie (1970), former Deputy Minister of Education in Saudi 
Arabia, reported that for many years, the Saudi educational policy was closely 
connected to the educational policies of nearby Arab countries where education was 
already well-established.  At that time, there were no universities in Saudi Arabia and 
using the curricula and textbooks of other Arab countries meant  that Saudi students 
were prepared to go to university in another country.
It was mainly Egyptian educators working for the Ministry  of Education who prepared 
the science textbooks for all levels of general education (Al-Ghanem, 1999).  Around 
1975, the Educational Center for Science and Mathematics at the American University 
of Beirut developed science textbooks for all levels of general education. Then in 1984, 
the National Committee for Science Education (NCSE) was instituted by  the regulation 
of Ministerial Decision No. 1095/17.  This Committee continues to act in an advisory 
capacity to the Educational Development Organisation of the Ministry of Education. 
David (1993) reported that the main change in science education in Saudi Arabia took 
place when the science curriculum was developed by the experts at the American 
University  in Beirut.  However, it received widespread criticism from Saudi science 
educators as being unsuitable for Saudi Arabia. Currently, as mentioned previously, the 
Department of Curricula in the Ministry of Education has the full responsibility  for 
preparing and developing the national science education curriculum and textbooks for 
all levels and for both males and females. This department has specialists in all subjects 
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of science whose main task is to review and up-date the textbooks.  They take feedback 
from a few schools where the textbooks are piloted.  The textbooks are then modified 
according to the feedback and tested again in a slightly larger number of schools.  If any 
more modifications are required, these are carried out and the textbook is then 
distributed throughout the whole country.
2.8  Science Education in the Current Curriculum in Saudi Schools
In Saudi Arabia, science is a main subject in all stages of general education apart  from 
the nursery  stage (Al-Ghanem, 1999). See table 2.2 for the weekly  plan for science 
courses. 
At the elementary stage, science education is given as a general science course. During 
this stage, the students are given general information on science, such as health, 
environment, plants, animals and so on.  This information is to help  them construct their 
knowledge clearly and simply.  Towards the end of this stage, they learn more specific 
information to prepare them to move to the next stage.
At the intermediate stage, science is taught as general science courses, but has separate 
topics taken from biology, chemistry, physics, geology and astronomy.  The students 
have two books - one main book for studying and one for practical activities such as 
experiments.  At this stage, there is an emphasis on finding out the abilities and 
directions of the students in order to give them a basis of knowledge and skills which 
will allow them to progress to secondary science education. 
In intermediate education, the science courses are deeper and wider than in the first 
stage (Figure 2.2, overleaf).
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Science Curriculum in Saudi Arabia for Grades One to Twelve
 Periods  per week, by grade level
Grades
Elementary School Intermediate School Secondary School
Subject 1 2 3 4 5 6 7 8 9 10 11 12
General 
Science 1 2 2 3 3 3 4 4 4
Chemistry
Science Curriculum in Saudi Arabia
for Grades One to Twelve
Class periods are forty five minutes long
2 4 4
 Biology 2 3 4
 Physics 2 3 4
 Geology 1 1
 Total 1 2 2 3 3 3 4 4 4 6 11 13
Figure 2.2   Science Curriculum in Saudi Arabia for Grades One to Twelve (Source: 
Author)
Secondary  education is the last stage in the Saudi education system. At this stage, 
science is divided into chemistry, physics, biology and geology, each of which has a 
different textbook. The science education is deep and strong, the textbooks are clear and 
of a high standard in every  aspect. The science information is specific and is linked to 
global science education.
Having looked at the place of science education in the context of education provision in 
Saudi Arabia, the next chapter will focus on the learner.  In this, the whole idea of 
thinking will be explored.  So often in Saudi education, the emphasis has been on rote 
recall, and the idea of developing the thinking skills of learners has been neglected.
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Chapter 3
Thinking
3.1 Introduction
The modern era has witnessed great developments in terms of knowledge and scientific 
advancement, which have led to individuals being confronted with a vast amount of 
information in their daily lives.  At the beginning of the third millennium, the world is 
characterised by  an abundance of knowledge and advanced technology, which require a 
high level of learning and thinking to deal with. The scientific and technological 
revolution is ongoing and its effect on life is ever increasing.  Knowledge is no longer 
static or limited but variable and limitless and the volume of human knowledge is 
increasing rapidly in the 21st century, as data flows through electronic networks that 
know no boundaries in terms of time or place (Al-Jundi & Sadiq 2001).
The world's nations are currently concerned with promoting intellectual abilities, in 
order to find solutions to a great variety of problems, and develop techniques to invest 
in different countries’ resources, and the ability to engage in dialogue, negotiation, and 
decision-making when crises are encountered.  As a consequence, the thinking process 
has been transformed from being an individual process into a ‘thinking industry’ or 
factory, requiring planning. In this process, teams and individual intellectuals, coming 
from various specialisations, become engaged in thinking.
Education in the kingdom of Saudi Arabia with all its curricula, systems, and 
philosophies, cannot remain static and distanced from such developments taking place 
in the rest of the world.  Therefore, it is necessary to achieve a standard of education 
that is conducive to the development of minds capable of creating solutions to such 
challenges.  Hence, if the responsibility for promoting these innovative minds lies with 
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all government institutions, educational establishments should be at the forefront of 
governmental agencies in taking on this responsibility (Sagur, 2000; Nassur, 1997).
The major share of the burden lies with the school and what it offers in terms of 
methods, techniques, and various educational media with the objective of promoting 
students’ thinking skills and assisting them to become citizens able to conduct 
successful enquiries and research.
Instruction in science is no longer directed towards providing the learner with a certain 
amount of knowledge, but has become a process aimed at providing opportunities to 
assist the learners to think, innovate, and acquire thinking skills, and utilise these in 
finding solutions for problems facing them. Hence, they  may be better able to realise 
their full potential and better prepared for constructive participation in the future 
progress of society (AlSayeh, 1997).
Thus, educational systems need to move from the transmission of knowledge to 
encompassing the development of thinking skills. This is just as true for developing 
countries and they have tended to look outside for ideas that can promote thinking, such 
as the De Bono programme (Al-Gamal, 2001). Shahab (2000) asserts that the real 
challenge facing education is to centralise the emphasis on thinking skills. Thus, 
innovation is necessary  to transfer from a culture of imitation and repetition to a culture 
of innovation and creation, and from the culture of memorisation to the culture of 
thinking and reasoning. 
Of course, the sciences must be part of this. Curricula, assessment and teaching 
methodologies need to be completely re-thought so that thinking skills become an 
integral part of the natural behaviour of learners. This implies that there should be a 
shift from an emphasis on “what they learn” to “how they think” (Alhusain, 1993; Al- 
Jundi, 2003). 
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However, thinking is a very difficult concept to define, being a complex process taking 
place in the brain where it cannot be directly  observed.  Griffin (2001) noted that 
thinking, while it may involve memory and recall, also involves many  other elements. 
He asks whether thinking is an activity determined by the type of problem to be solved 
or whether it  is the energy we must devote to it that determines it.  Hence, he suggested 
that thinking could be defined as “the intentional, purposeful use of the intellect to 
create new solutions to problems.” 
The human brain is an immensely complex organ. Figure 3.1 illustrates some of its 
functions. It has to be stressed that all these functions operate in a coherent way and the 
separation under the categories is artificial, albeit useful. In addition, there is no 
suggestion that these functions operate in the areas of brain as in the diagram. Dividing 
up the cognitive function of the brain in this way is simply  a useful way forward in 
studying aspects of thinking and learning.
Figure 3.1   The human brain (Source: Author)
In fact, all thinking takes place in the working memory, the rest of the brain being used 
largely for storage. This is represented diagrammatically in Figure 3.2.
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Figure 3.2   The role of working memory (Source: Author)
This stresses the key role of working memory.  It also emphasises that, given the limited 
capacity of working memory, all learning in all areas is controlled by working memory 
and its limited capacity. In the context of science education, this is summarised by 
Johnstone (1997).
It is possible to think of the cognitive in terms of what we know, ways of thinking as 
how we gain these understandings and attitudes in terms of making sense of our 
environment. Thus, we are asking three questions: what? how? and why? This can be 
illustrated as in Figure 3.3.
Figure 3.3    Working Memory and the Key Questions (Source: Author)
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3.2  What is Thinking?
Al-Atoom et al. (2007) argue that many  philosophical, intellectual, psychological and 
educational schools of thought have been concerned with the promotion of thinking and 
instructing learners in thinking skills, in the hope that  they will thus be better enabled to 
face the problems and obstacles confronting them in their day-to-day lives. 
Hamoudah (2000) considers that thinking comes at the top of mental activity levels. 
However, its nature varies widely from person to person. Al-Atoom et al. (2007) argue 
that an individual’s thinking is affected by  the style of their upbringing, motivation, 
capacities, and educational level, which all contribute to the uniqueness of every 
individual's particular reasoning. In this regard, Guttami (2005, pp.18-19) suggested that 
the differences in thinking patterns exhibited by individuals stem from: 
“(1) Differences among individuals in respect of the things they pay attention to.
(2) Differences relating to the number and activities of nerve cells possessed by 
individuals.
(3) Differences in the interests requiring mental processes.
(4) Differences in the social circumstances the child is exposed to.
(5) Differences in experiences and goals.
(6) Differences in individual’s abilities.”
That situation has led to the existence of differences among scholars in their definitions 
of thinking, and its nature and levels. Therefore, thinking is seen from many  different 
perspectives, as a result of thinking having multiple and interrelated dimensions, 
reflecting the complexity of the human brain and its operations.  Hence, scholars have 
generated a bewildering array of descriptions (table 3.1). 
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Kinds of Thinking
Analytical Thinking Scientific Thinking Lateral Thinking
Concrete Thinking Verbal Thinking Reflective Thinking
Creative Thinking Vertical Thinking Abstract Thinking
Deductive Thinking Effective Thinking Mathematical Thinking
Impulsive Thinking Convergent Thinking Cognitive Thinking
Ineffective Thinking Critical Thinking Sensory Thinking
Logical Thinking Productive Thinking Inferential Thinking
Metacognitive Thinking Inductive Thinking Exploratory Thinking
Synthetic Thinking Absolute  Thinking Philosophical Thinking
Table 3.1  Types of thinking (from Jerwan, 2009; Habib, 1996)
Other scholars have considered learner characteristics such as convergent and divergent 
thinking, efficient and inefficient thinking and so on (Al-Atoom et  al., 2007; Abu Gado 
and Nawfal, 2007), suggesting various continua of thinking processes (Table 3.2). 
However, there is no evidence to suggest that critical and creative thinking form any 
continuum and that convergent and divergent thinking are opposites. Therefore, it 
appears that these types of thinking are usually used together, although one or other may 
predominate in accordance with the field or task in hand.  Thus, Hindal (2007) has 
shown they are simply different ways of working.
Thinking Processes
Critical Thinking Creative Thinking
Convergent Thinking Divergent Thinking
Abstract Thinking Concrete Thinking
Imaginative Thinking Realistic Thinking
Table 3.2  Continuum view of thinking (Source: Author)
Mayer (1983) argue that the variety of approaches relates to whether thinking is 
considered as an external behavioural process or an internal cognitive operation, while 
Bazerha (2009) suggests that the variety  of definitions attributed to thinking reflects the 
wide diversity  of activities in life. Habib (1996) asserts that the wide range of cognitive 
activities and behavioural outcomes generates numerous descriptions.
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According to De Bono (1991) the various levels of thinking lead to numerous 
descriptions, making no single definition possible. Ibn Manzoor (1988: 307) talks of 
‘substantive thought’ in contrast with ‘contemplation’ or ‘reflection.’  A range of views, 
mostly expressed simply as opinions, is illustrated in table 3.3. 
Authors Description
Al-Khaleely et al.
(1996: 169)
A mental activity using symbols as mental images, with meanings, words, numbers, memories, 
signs, expressions, and gestures replacing things, people, situations, and various events that an 
individual thinks about with the objective of comprehending a certain subject or situation.
Saadah (2003: 40) … three elements. The first is complicated cognitive processes, the most complicated of which is 
problem solving, while understanding and application are less complicated. The second element is 
specific knowledge of the content of the subject and a certain aptitude for it, and the third refers to 
different personal factors, particularly attitudes, interests and preferences.
Abdul Sameea and 
Hawalah (2005: 210)
An unseen operation which may be inferred from … overt behavior … dealing with situations and 
various events through words, concepts and mental images rather than through actual activity.
Al-Atoom et al. 
(2007: 19)
A cognitive activity one function of which is to give environmental stimuli meaning and 
significance through the cognitive structure, to enable the individual to adapt to and accommodate 
the conditions of the environment.
Damas (2007: 156) A mental operation in which perception and contemplation interact with experience and 
intelligence to achieve a specific objective driven by motive and in the absence of obstacles.
Khattab (2007: 22) A mental process in which perception and reflection interact with experience and intelligence to 
fulfil certain objective and thinking needs. 
Zaitoon (2003: 35) A set of operations or mental skills employed by the individual to search for an answer to a 
question or a solution to a problem, to build meaning or to reach original outcomes not known 
before, and stated that these processes or skills are teachable through specific teaching treatments.
Jerwan (2009: 40) A series of mental activities undertaken by one or more of the five senses (touch, sight, hearing, 
smell and taste), and stated that, in a broad sense, thinking is a process of searching for meaning in 
a situation or experience.
Al Khalily (2005: 
123)
The planned enquiry of experience to fulfil a certain purpose, which could be understanding, 
decision-making, planning, problem solving, judging, or adopting a course of action.
Zaglool and Zaglool 
(2003: 258)
A series of mental activities performed by the brain when exposed to some stimulus received 
through one or more of the senses.
Table 3.3     Some descriptions of thinking (Source: Author)
Others have related thinking to the solving of problems (Swede, 2003: 33; Johnson, in 
Al Suroor, 1996). De Bono (1991) considered the following description to encompass 
the entire operation of thinking: 
A mental process in which situations are subjected to cognitive principles and there is 
an attempt to reach an outcome pertaining to specific matters.
A creative process pertaining to working out problems.
Striving to utilise a certain idea or ideas with a view to fulfilling some well-defined 
goal in order to achieve a particular purpose.
In the light of the preceding definitions, the following features of the thinking are 
apparent: 
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(1) It  is a mental activity that  is invisible but  which generally manifests itself through the 
behaviour of the individual.
(2) Thinking is an internal interaction in the brain involving past  experience and new 
input  (often) and may well lead to new insights, understandings or solutions to 
problems.
(3) It  is a difficult  concept due to the complexity of operations which can be performed 
by the brain.
(4) It  is a mental activity that is constantly growing and developing, particularly where 
motives exist and barriers are removed.
(5) It  is a mental process accompanying the individual throughout  all the activities of his/
her life. 
(6) Given current  understanding of the way the brain works, thinking has to take place in 
the working memory and, therefore, the limitation of the capacity of working 
memory may determine success or otherwise.
While there is little agreement on an overall description that  fits all circumstances, it is 
possible to suggest a procedural definition for thinking as comprising three elements: 
experience, cognitive process, and attitude. This is illustrated in Figure 3.4  below. 
Figure 3.4    The nature of thinking (Source: Author)
Therefore, it can be seen that thinking is a complex matrix of many cognitive activities. 
We cannot separate thinking neatly into a small number of types of thinking, such as 
critical thinking.  No two students will think in identical ways.  We may well tend to 
employ certain modes of thinking depending on the context, the requirements of the 
Thinking is a mental process or activity carried out by the individual facing a problem and 
striving to find a suitable solution for it after utilising and drawing on the experiences and 
information he/she has, in order to work out a solution for the problem.
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task in hand, and perhaps the rewards that are perceived to exist.  For example, if a 
student is never encouraged to use critical or any other type of thinking, or if the student 
sees no advantage in thinking that way, then critical thinking, or any  other type of 
thinking, may not occur.  Indeed, if tests and examinations offer no rewards for critical 
thinking, scientific thinking and so forth, the student sees no point in developing such 
skills (Figure 3.5).
Figure 3.5    The Complexity of Thinking (Source: Author)
3.3  Characteristics of Thinking 
Abdul Hadi et al. (2003), Jerwan (1999) and Al-Atoom et al. (2007) indicated that 
thinking can have the following features: 
★ It can be meaningful and causative behaviour occurring in certain situations.
★ It  can assume the forms or types of myriad thinking patterns such as critical or 
innovative thinking and so forth.
★ It  can be efficient, as it  leads to the best results and information that  could be 
abstracted.
★ It can be relative, meaning it cannot attain perfection.
★ It  is composed of interconnecting elements of the situation, experience, and 
environment occurring therein.
★ It  is a growing and developing behaviour, differing from one age to another, and 
changing quantitatively as well as qualitatively.  
Ahmed and Muhammed (2007) add that: 
★ It  is a mental activity that is intangible and unseen, taking place internally within the 
mind and can be observed indirectly from overt behaviour.
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★ It  comprises a group of operations and cognitive skills, such as recall, comprehension 
imagination, inference, analysis, perception of relationships, criticism, and 
evaluation.
★	   The thinking concept resembles other concepts which an individual ordinarily 
experiences and interacts with, and it could be known through visible behavior 
exhibited by the individual as movements, gestures and emotions.
In the light of the aforementioned, the characteristics of thinking can be summed up as a 
mental activity  performed by  the individual based upon a set of information and skills 
known to him/her, synthesising the relationships among them to work out a solution for 
the problem facing him/her, and making the right decisions about it. Hence, each 
individual possesses a unique way  of thinking that is different from that of others, 
clearly  illustrating the variation in decision-making or problem solving.  This indicates 
the differences in thinking levels shown by them, and also suggests that thinking could 
be promoted through practising skills related to it, which indicates the importance of 
paying close attention to thinking and its associated skills.
3.4  Thinking and Language 
What is the relationship between thinking and language? Which influences the other?
The key  issue is the suggestion that thinking offers the basis for language (Aristotle, as 
discussed by Anderson, 1980). However, language offers the tools for thinking. Thus, 
meanings represented by  words constitute the basis of an individual’s thinking process, 
and linguistic progression becomes associated with the level of progress of thinking 
(Anderson, 1980). Thinking of the earliest stages of development, according to Al-
Atoom et al., (2007), Piaget argued that a child's thinking develops first through 
interaction with the environment and then language develops. Similarly, Vygotsky states 
that the flow of thinking is not initially accompanied by  the appearance of language; in 
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other words, he dissociates thinking and language in the first stage (Al-Atoom et al., 
2007).
Al-Atoom et  al. (2007) argue that language and thinking are indivisible: language is 
internal through thinking, and external through words. Thus, language and thinking are 
interconnected and influence each other.  Thus, it might be argued that thinking may 
precede language in the very  early  years of life but, at all later stages, thinking affects 
language and vice versa; hence, the ability to abstract and visualise is required in both.
3.5  Thinking and Memory
The relationship between thinking and memory is well-established, since memory and 
previous experiences affect the individual’s ability to deal with environmental stimuli in 
terms of processing and comprehending them, and also in systems of information 
processing in the working memory where sensory data comes from senses and sensory 
memory to be interpreted and assigned (Al-Atoom, 2004; Al-Atoom et  al., 2005 and Al- 
Atoom et al., 2007). This means that a process known as "encoding" makes the function 
of the working memory a thinking operation that aims to analyse and interpret  data 
received through the senses, and in undertaking this, an individual draws upon his/her 
previous store of knowledge (Al-Atoom, 2004; Al-Atoom et al., 2005, 2007). 
Abdul Hadi et al. (2003) add that memory, short or long-term, stores data temporarily  or 
permanently. Thinking constitutes the set of mental operations wherein the process of 
dealing with the information inside the brain is performed; hence, thinking is the 
outcome of the circumstances surrounding the individual, which can be interpreted and 
encoded in accordance with previous experiences in the cognitive structure or long-term 
memory (Abdul Hadi et al., 2003).
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Specifically, in the context of science education, based on extensive research, Johnstone 
(1997a) developed a model to illustrate the processing of information in learning.  This 
model is shown in Figure 3.6 below.   
Figure 3.6  Information Processing Model (after Johnstone, 1997a)
In this model, the learner sees new observations and occurrences via a perception filter, 
which is affected by what has previously been stored in the long-term memory.  Thus, 
what the learner already knows is used in choosing and interpreting new information. 
The space in the working memory is used to hold new information, to hold information 
which is transferred from the long-term memory, and to process information. However, 
its capacity is limited. In problem solving, the characteristics of the problem and the 
new information have to enter the working memory space and the choice of what enters 
is affected by what is stored in the long-term memory.  According to Miller (1956), the 
working memory capacity grows by an average of one unit  every  two years in a child, to 
reach 7 (plus or minus 2) units in an adult (defined as age 16). Hence, if a school pupil 
is trying to solve a problem, his or her working memory capacity may act as a 
drawback.  However, the limitations of the working memory may be less of a drawback 
if pupils attempt problem solving in a group (Reid and Yang, 2002).
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When attempting to solve a problem, what is moved into the working memory space 
and the operation of the perception filter will be affected by what is stored in the long-
term memory  and the way in which it  is stored there.  This is significant both in 
individual and group problem solving. However, in the latter, it is likely that the 
information held in the long-term memory will differ slightly from pupil to pupil; 
hence, they can assist each other in solving the problem. 
3.6  Thinking techniques 
Human beings have employed different types of thinking to access knowledge, search 
for explanations for different natural or cosmic phenomena, or attempt to find solution 
for them. In this respect, Zaitoon (2001) and Salama (2002) maintained that human 
thinking could be categorised into three groups, as follows
Figure 3.7    Techniques of thinking (Source: Author)
The arguments put forward by these authors are that traditional ways of thinking cannot 
be relied on today while deductive and inductive reasoning may  lead to errors. They 
clearly  wish to argue for scientific thinking (as they see it). However, their general 
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approach assumes that scientific thinking is superior and then they argue accordingly, 
without considering whether this way of thinking is appropriate in all contexts. Thus, 
there is no evidence for any supposed superiority of scientific thinking or for the 
suggestion that critical thinking is a form of scientific thinking. 
 
3.7  Thinking Patterns  
Guttami (2001) defines the thinking pattern as “a set of performances distinguishing the 
individual and considered evidence for his way of receiving experiences which he has 
gone through in his cognitive store, and which he uses to adapt to the surrounding 
environment” (p.15).
After an individual is exposed to some situation or problem, he/she begins to think 
about this problem in order to find a solution to it. He/she therefore proposes a number 
of solutions or one logical and realistic solution. These solutions differ from one person 
to another; hence, a number of thinking patterns can be found (see Figure 3.8 below).
Figure 3.8   Thinking Patterns (Source: Author after Newmann, 1991)
Newmann (1991) argues for basic or simple thinking patterns which are concerned with 
daily routine tasks and higher or composite thinking patterns for more advanced tasks. 
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However, this adds little to the knowledge, as it  is inevitable that more complex tasks 
will require greater levels of thinking skills.  
According to Jerwan (2009), the majority of researchers agree on five types of thinking 
that fall into the composite thinking category:
➡ Critical Thinking
➡ Creative Thinking
➡ Problem solving
➡ Decision-making
➡ Meta-cognitive thinking.
It is argued that  each type is comprised of skills that distinguish it from the others. 
However, while critical thinking, creative thinking and meta-cognitive thinking are 
clearly  kinds of thinking, it  is not so obvious that problem solving and decision-making 
are kinds of thinking and they may be more accurately  considered as outcomes of 
thinking. Thus, problem solving involves diverse skills which will not necessarily  fit 
into any coherent pattern. This suggestion of the five types has omitted scientific 
thinking (Al-Ahmadi and Reid, 2011) and the more recently described systems thinking 
(Chandi et al., 2009).
Abdul-Khaliq (1982) added the following types of thinking classification: pictorial 
thinking, which relies on mental imagery, and is a type more common in children than 
adults, and abstract thinking, which depends on how meanings correspond to numbers 
and words.
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3.8  Thinking Theories 
Theories of psychology  have attempted to interpret thinking in accordance with their 
principles and conceptions. Among the best-known are the following: 
(1) Behaviourist approaches: This considers experience or learning which results from 
the relation between stimulus and response as thinking, and hence does not  focus on 
explaining thinking directly.
(2) Cognitive approaches: This considers what  is happening in the brain and there are 
numerous general perspectives of which the insights from information processing are 
the most promising. This perspective looks at  the ways in which information moves 
around the brain and this will be discussed in more detail later.  
However, this perspective could be considered somewhat over-simplified and 
superficial. Abdul Hadi et al. (2003), and Al-Atom (2004).
3.9 What are Thinking Skills?
The specific skills implicit in thinking are perhaps of growing importance given the 
increasingly  complex nature of modern life (Jerwan, 2009). Thus, learning thinking 
skills is of great importance for the development and success of society. 
However, there is no consensus as to a definition of thinking skills. Indeed, as Griffin 
(2001) points out “everybody talking about thinking skills is not talking about the same 
thing”. Smith (2002) defines a skill as “a capacity, usually acquired through training 
and experience, to do something well, to perform competently certain tasks”. He also 
states that skills are differentiated by the tasks to which they  are applied. The 
relationship  between skill and ability  suggests that ‘skill’ has two distinct connotations 
and can refer to an acquired ability or capacity, while others imply highly competent 
performance (Smith, 2002).
Skills are exercised by choice (Johnson and Gardner, 1999) and their initiation and 
operation are largely  subject to conscious control. However, Smith (1984) points out 
36
Chapter 3
that, while a skill may apply to a certain kind of task, task kinds do not always have 
clearly-delineated limitations. Although ability is often used as a synonym for skill, 
skills generally require more training, experience and proficiency (Smith, 2002). 
Similarly, Coles and Robinson (1991, p.11) describe the thinking process as a “vast, 
intricate family of activities: there is thinking as one speaks, as one works, as one plays, 
as one dances etc.” They further argue that when thinking is defined as applying to all 
distinctively human behaviour, it  becomes pointless to use this word when making 
distinctions within behaviour.
Thinking skills are sometimes held to be the building blocks of thinking, and these 
skills have been viewed as cognitive activities which subject information entering the 
mind to observation, categorisation, investigation, comparison, and interpretation in 
order to reach a solution to or decision about the problem in hand (e.g. Jerwan, 2002; 
Swede, 2003; Zaitoon, 2003; Saadah, 2003b).  Thinking skills have also been 
considered to be the outcome of a number of essential skills such as recall, deduction, 
analysis and so forth (Habib 1996). 
Others have viewed thinking skills as compound skills directed at resolving some 
difficulty or specific problem wherein information related to the problem would be 
collected and a solution suggested, as well as assessing the evidence associated with the 
hypotheses and judgments, and developing new ideas to overcome this difficulty. Albaz 
(2001) describes this as compound thinking.
Fisher (1995) states that the processes of perception, memory, the formation of 
concepts, language and symbolisation are the fundamental cognitive skills underlying 
the ability to reason, learn, and solve problems.  Therefore, the study of thinking is the 
study of these structures and processes by which we experience and make sense of the 
world around us. However, Coles and Robinson (1991) also assert that not all thinking 
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requires language, but that some thinking requires only experience and practice.  In this 
respect, Griffiths (1987) points out that skill is also associated with procedural 
knowledge. This is what Ryle (1963) described as “knowing how” as opposed to 
declarative knowledge, which he termed “knowing what”. Nonetheless, the idea that 
language is not involved is difficult to sustain, in that language may offer the essential 
tools for thinking.
Coles and Robinson (1991:12) also point out that thinking skills are often viewed as 
“pure skills”, which could include the ability  to ask pertinent questions, to see links 
between various strands of thought, to distinguish between relevant and irrelevant 
considerations, to justify beliefs and decisions, and so forth. Indeed, this view of 
thinking leads to a potentially very long list of thinking skills. In this respect, Lipman 
(1983, cited in Coles and Robinson, 1991:12) calls the term thinking skills “a catch-all 
phrase”.  In this respect, Smith (2002) points out that the meaning of skills “can be 
extended in several ways”.  He also points out that skills have a scope and that a narrow 
scope encompasses fewer skills than does a broad scope.  This has led to confusion 
concerning the applicability of the concept of skills (Smith 2002). Smith (2002) argues 
that, while thinking skills share some of the features of skills in general, they also have 
distinctive characteristics. 
Griffin (2001) points out that human beings can both feel and think and, furthermore, 
can think projectively. This means that we can aim for goals and targets and attempt to 
attain what we want.  In addition, we use information to plan the course of action we 
will pursue in order to achieve our goals. Therefore, if people process by thinking 
instead of conditioning, there is a stronger possibility that they will be able to 
accomplish their aims.  In a similar vein, Smith (2002) asserts that certain thinking 
skills depend more on judgement and are more sensitive to context than others. 
However, the concept of a thinking skill implies a certain mental discretion (Smith, 
2002).
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Reagan (2008) argues one of the most important thinking skills is that of determining 
the reliability of sources: to judge whether a source is reliable and whether the 
information it presents is true, yet another aspect  of thinking. Furthermore, Coles and 
Robinson (1991, p.13) state that “teaching thinking involves not only teaching thinking 
skills but also encouraging the disposition to use them.”
Resnick (1985, p.15) suggests that thinking skills may be generic:
“Certain kinds of higher-order thinking may be seen in the performance of highly-skilled 
individuals whether they are doing mathematics, reading, solving scientific problems, 
composing essays or repairing equipment. Experts elaborate and reconstruct problems 
into new forms; they look for consistencies and inconsistencies in proposed solutions; 
they pursue implications of initial ideas and make modifications rather than seeking 
quick solutions and sticking with initial ideas; they reason by analogy to other similar 
solutions.” 
Similarly, Griffin (2001) states that, when we are confronted with a problem, we need 
clues so we can devise a solution to it.  He is also of the opinion that it is the most 
intuitive people who need the fewest clues before being able to devise an accurate 
solution to the problem.  Indeed, in this respect, Habib (1997) and Younis (1997) 
maintain that thinking cannot be initiated unless the individual faces a problem that 
challenges his/her mind and motivates him/her or is confronted with an unexpected or 
inexplicable event. The individual, in order to be able to interpret phenomena and 
occurrences objectively, has to possess a number of thinking skills, among which are:
Linking the cause with the effect.
Linking known characteristics with unknown ones.
Delineating common characteristics.
According to Griffin (2001), thinking consists of only the functions beyond simple 
memory. In this vein, Smith (2002) asserts that it is not only knowledge, but also values 
and mental habits or dispositions that have an influence on thinking performance.
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Smith (2002) states that the generic thinking skills controversy can be resolved by 
regarding generic thinking skills’ generality  as a matter of degree, with different skills in 
different places, along a continuum.  However, he does not find this explanation entirely 
satisfying.
According to Ennis (1996), credible sources have relevant background and experience, 
they  do not have any conflict of interest and they use suitable procedures to collect 
information. Smith (2002) argues that domain knowledge may help  to make 
assessments within that domain, but it is possible to make useful evaluations without 
specialised knowledge.  Hence, the evaluation of sources is a fairly  strong thinking skill 
that is very general across all domains (Smith, 2002).
Regarding reflective thought, Dewey (1998) describes this as having five phases. The 
first is suggestion, in which purpose and its conditions, resources and difficulties are 
explored.  The second phase is a puzzle which becomes a problem to be solved and a 
question for which the answer must be found.  The third phase is the guiding idea. This 
phase involves the notion that one idea can follow from another and that ideas can guide 
future observations and data collection.  Reasoning is the fourth phase. Dewey (1998) 
describes this as the mental development of an idea or supposition. The fifth and final 
phase in the process of reflective thought is testing the hypothesis by  action. In this 
phase, the conjectural idea is tested by action in order to corroborate or verify it.
Dewey (1998) describes reflective thinking as the type of thinking that involves 
thinking carefully about a subject  and considering it seriously. Dewey (1998) viewed 
the aim of thinking as seeking meaning and the establishment of truth as the object of 
knowing.
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3.10 The Importance of Thinking 
Griffin (2001) states that thinking is important for several reasons. Firstly, it is 
important from an economic point of view.  With globalisation, all countries need a 
knowledge economy in order to compete in the global marketplace.  According to 
Griffin (2001), the most important question is “what we do with our huge intellectual 
potential.” Indeed, Griffin (2001) contends that the main mission of education is to 
develop the ability  of humankind to think to the highest possible level while Beyer 
(2008) pointed out that it is important to impress upon students that thinking skills are 
useful in their everyday lives.
This all sounds ideal. However, until we know how to develop thinking skills, how to 
measure that they are developing and how to change the curriculum emphasis from the 
retention of knowledge, then little will be achieved. Despite this, Griffin (2001), argues, 
in a US context, that there is considerable evidence to support five main contentions:
“(1) The act of thinking is becoming increasingly definable.
(2) There is a national need to increase thinking among our citizens.
(3) Most classrooms devote less than 10% of their time to thinking.
(4) It is possible to purposely increase thinking in a classroom.
(5) Presently, thinking is a “hot” topic in American education.”
Griffin (2001) therefore asserts that this is a suitable time to put into practice activities 
to improve thinking in schools. However, he ignores the incessant pressure arising from 
national certification and curriculum overloading, issues outside the control of schools 
and teachers.
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3.11   Two Techniques to Improve Thinking Skills
Many researchers (e.g. Brown et al., 1981; Rosenshine and Meister, 1992) argue that 
two techniques that can be very  useful for making thinking skills explicit are modelling 
and metacognitive reflection.  
Modelling takes students step-by-step  through the process of a thinking strategy in order 
to introduce them to a new skill (Palincsar and Brown, 1984). This offers learners a 
ready-made procedure to apply the new skill (Beyer, 2008).  It  also gives the students a 
starting-point from which they can build or develop a more personalised structure 
(Beyer, 2008).  However, these assertions ignore the limitations of working memory 
capacity (Kirschner et al., 2006) and whether the demands of curricula and assessment 
will ever allow the time.
Metacognitive reflection is another useful technique for making thinking skills explicit 
(Beyer, 2008).  This involves students in reflecting on, talking about and analysing what 
learners remember doing mentally to apply a thinking skill they have just finished 
(Beyer, 2008). This is helpful, as it enables them to identify flaws in their own thinking 
and in that of others, as well as helping them build more efficient procedures for 
applying that skill (e.g. Nickerson, 1999; Vytgotsky, 1962; in Beyer, 2008). There is no 
doubt that metacognition is helpful but the problems of time in schools where there is 
curriculum overload are not addressed.
3.12 Teaching Thinking Skills
Coles and Robinson (1991) point out that there is considerable scepticism as to whether 
thinking skills can be taught at  all. However, Kong (n.d) examined the balance between 
rote learning and thinking skills in modern education and found that there was an urgent 
need for greater emphasis to be placed on thinking skills. Few might disagree with this. 
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Similarly, Fisher and Hicks (1985) recommended that  the key aims of education should 
include “learning to learn, solving problems, clarifying values and making decisions”. 
Similarly, Costello (2003) asserted that thinking skills should be taught to even young 
children. 
According to Bruner (1972), in any discipline, the way of thinking is central and 
students, even young ones, should be given the chance to solve problems, to conjecture, 
and even to disagree and debate.  However, Al-Ahmadi (2008) points out that it may be 
difficult, if not impossible, to find the time for this and that  teachers may  not be 
equipped to manage such learning.  In this vein, Coles and Robinson (1991) suggest 
that, if research into the effectiveness of teaching thinking programmes has not shown 
any evidence for the improvement of thinking skills, this may be because teachers do 
not know much about the area or because the programme is not well-designed. 
However, this ignores numerous other factors such as cognitive development.
Reid (2000, p. 384) states that it  is possible that each scientific discipline has a key 
place in introducing the ‘way of knowing’ that is science. Therefore, science in the 
curriculum may contribute in developing the skills that enable the learner to approach 
questions of the physical world in such a way as to obtain meaningful answers (Reid, 
2000). Indeed, Beyer (2008) points out that many researchers have recommended 
teaching thinking skills in the context of a discipline rather in ‘content-free’ courses 
(e.g. Joyce, 1985; Resnick, 1987; Resnick and Klopfer, 1989; Pressley and Harris, 
1990).  Similarly, Beyer (2008) asserts that  thinking skills serve as tools for achieving 
the aims of subject  matter learning, while at the same time the subject matter provides 
the context for the application of those skills. Beyer (2008) also maintains that  teaching 
children to become skilled thinkers needs continuing instruction in the procedures of 
thinking skills over an extended period and in diverse contexts or subjects. However, 
Coles and Robinson (1991) state that if teachers try  to focus attention on their pupils’ 
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thinking while at the same time teaching their disciplines, it is inevitable that some 
tensions may arise. 
Zohar et al. (2003) argue that few schools teach the pupils to solve complex problems or 
to think and read critically.  The majority of tests and exams assess the ability of 
students to remember the facts contained in their textbooks (Zohar et  al., 2003). This 
being the case, the role of teachers is only to impart information to their students (Zohar 
et al., 2003).  As Tishman et al. (1993) point out, much of conventional teaching is 
based on this assumption, the so-called ‘transmission model’, in which the teacher’s 
role is to transmit information to the students, while they in turn are required only to 
receive, store and act upon this information. However, Zohar et al. (2003) argued that 
teachers should give students at  all levels tasks involving higher order thinking skills. 
On the other hand, as Al-Ahmadi (2008) points out, this raises the question as to 
whether higher order thinking skills are accessible or psychologically realistic for 
school pupils. Furthermore, Zohar et al. (2003) ignore the fact that teachers are 
controlled by the aims of the curriculum and, even more pressingly, by  the demands of 
national assessment. As long as there is little credit for developing thinking skills, it  is 
unlikely that it will ever receive much attention.
Regarding the scientific field, Schafersman (1994) states that a science discipline is 
frequently defined in terms of its body of facts or the ways in which it contributes to 
understanding the world around. Driver et al. (2000) state that  science does not concern 
only the relationships between laws and observations, but that students should be given 
the opportunity to use appropriate argumentative skills through activities. Tweney  et al. 
(1981) asserts that scientific discovery is a form of problem-solving.
In the field of thinking skills, there is also inductive and deductive thinking (Al-
Ahmadi, 2008).  Inductive thinking is described by Martin (1997, p. 31) as “the 
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principle of reasoning to a conclusion about all the members of a class from 
examination of only a few members of the class; broadly, reasoning from the particular 
to the general.” However, he continues by arguing that modern logicians do in fact tend 
to regard reasoning from the general to the particular. In addition, Marten (1997) defines 
an inductive argument as one in which the premises provide good reason to believe the 
conclusion. 
Concerning deductive reasoning, Marten (1997) considers it superior to inductive 
reasoning and states that it  can be seen as deducing the particular from the general 
principle.  However, although the central feature of scientific reasoning is induction, a 
sound inductive argument with a true premise may still lead to a false conclusion. 
Marten (1997) asserts that science uses inductive reasoning constantly as the 
corresponding deductive argument would need information that is not available or too 
costly and therefore not worth it to acquire. 
It has been argued that cultivating thoughtfulness is a more important aim for education 
than developing specific thinking skills (Newmann, 1985; Schrag, 1987). However, Al-
Ahmadi (2008, p. 103) argues that“students need to feel free to question, to explore, to 
expose knowledge limitations or misconceptions without fear of ridicule.” 
Nickerson (1985) recommends concentrating on eight teaching approaches and Gagné 
(1967) and Klausmeier (1980) recommend concentrating teaching on eight basic 
process of science: classifying, communication, using numbers, measuring, predicting, 
inferring, using space-time relationships, and observing. However, Al-ahmadi (2008) 
points out that there is little concrete evidence to show how well this would function in 
real life. Nisbet  (1993) argued that the processes that can assist  in making sense of the 
world around can be acquired through experience and formal instruction. 
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Hence, Coles and Robinson (1991) conclude that the problem is not whether thinking 
skills can be taught, as they claim there is evidence that they can, but the problem is 
whether we are prepared to make the changes required to teach them and if so, how we 
can decide which changes would be most effective. There has to be doubt on the former 
point for, if we are unable to define thinking skills operationally, then we can have little 
confidence that we have evidence that teaching is effective. However, their latter point 
is important for teachers have no control over curricula, assessment or time allocations.
3.13  Types of Thinking
Although there are many kinds of thinking, a discussion of them all is outside the scope 
of this study. Therefore, three types of thinking, scientific thinking, system thinking and 
creative thinking will be discussed briefly, before turning to a more in-depth discussion 
of the main focus of this study, that is, critical thinking.
 Figure 3.9    Some Types of Thinking (Source: Author)
3.13.1 Scientific Thinking
Lagnado (2006) asked:
“Have you ever wondered what goes on inside scientists’ heads when they formulate a 
grand theory? Or where they decide what hypothesis to test? How does this differ form 
the mundane reasoning involved when you explain why your car won’t start or choose a 
birthday present for a relative? More generally, do scientists use the same cognitive 
mechanisms available to us all (supplemented with formal, conceptual, and technological 
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tools)? Or does scientific thinking require more specialist cognitive abilities, available to 
only a talented few?”
Al-Ahmadi (2008) points out that there is no single definition of the term ‘scientific 
thinking’. It has been said to involve the skills required for “generating, testing and 
revising theories” and reflection on the procedure of acquiring knowledge (Koslowski, 
1996; Kuhn and Franklin, 2006; Wilkening and Sodian, 2005). It  has been defined “as 
the application of the methods or principles of scientific thinking inquiry to reasoning 
or problem-solving situations” (Al-Ahmadi, 2008).  
According to Schafersman (1994: 3), the majority of the facets of scientific thinking 
involve three elements, which are: empiricism (using empirical evidence); rationalism 
(reasoning through logic), and; scepticism (continual examination of evidence and 
arguments).  Al-Ahmadi (2008) points out that rationalism and scepticism are not 
specific to scientific thinking, but notes that empiricism is highly  associated with 
science in particular.  In this vein, Al-Ahmadi (2008) observed that scientific thinking 
and critical thinking are often viewed as basically the same, with critical thinking 
becoming scientific thinking when practiced by  scientists.  Similarly, Schafersman 
(1994) pointed out that there is frequent confusion between critical thinking and 
scientific thinking.  Indeed, Al-Ahmadi (2008) states that many of the definitions 
proposed do not appear to differentiate scientific thinking and other types of thinking.
Dunbar (1988) states that studies of scientific thinking have tended to focus on one facet 
of the thinking process and examine it critically.  However, Al-Ahmadi (2008) points 
out that scientific thinking is likely to be more than simply  the collection of several 
specific skills. 
Schafersman (1994) states that all scientists practise scientific thinking when they are 
engaged in scientific pursuits and using scientific methods and anyone using scientific 
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methods in everyday life can think like a scientist. However, Al-Ahmadi (2008) 
criticises this on the grounds that it reduces scientific thinking to any type of thinking.
In Marten’s (1997) view, scientific thinking is very clear and linear, taking the student 
through a process beginning with undirected observation, going through sampling 
problems to matters of explanation, cause and classification. Marten (1997) also 
suggested that, when people begin to observe the world around them carefully, they start 
to become scientists, but that most people were not observant.  However, this view is 
criticised by Al-Ahmadi (2008) on the grounds that it is far too simplistic.
Scientific thinking is the basis of accurate thinking patterns, since it  avoids randomness, 
superstition, submission to social norms and traditions, and acquiescence and 
submissiveness to the thinking of others. Scientific thinking considers comprehension, 
clear vision and complete objectivity to be prerequisites in the formulation of 
hypotheses. Scientific thinking is therefore objective and not absolute, and avoids 
subjectivity, bias, emotions, interests and desires.
In their review of the literature, Al-Ahmadi and Reid (2011) considered scientific 
thinking in the context of critical thinking and the scientific attitude. By means of 
careful analysis of a very  large number of papers and books, they arrived at an 
operational description of scientific thinking:
‘The unique characteristics of scientific thinking relate to the nature, place 
and handling of experimentation, including the place of hypothesis 
formation.’
In this, they have stripped out common aspects of thinking that are shared with critical 
thinking in particular and focused in on what is unique about scientific thinking. They 
then interpret this description to develop  test material to make measurements of 
scientific thinking and relate it to other aspects of school performance. This approach 
will have a major impact on the approach adopted in this present study.
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3.13.2  Systems Thinking
The term ‘systems-thinking’ has been in use since 1986, when it was coined by Barry 
Richmond in connection with his STELLA software, although the concept was not new 
(Chandi, 2008). Since then, the term has been widely used (Richmond; 1994; Ossimitiz, 
2000, 2001).
In the context of biology, Verhoeff (2003, p. 4) offers a description:
‘Systems-thinking competence is the ability and willingness to link different levels of 
biological organisation from the perspective that natural wholes, such as organisms, are 
complex and composite, consisting of many interacting parts, which may be themselves 
lesser wholes, such as cells in organism.’
However, this description is not easy to follow.  Chandi (2008) argues that, although 
there is no precise definition of systems-thinking, the idea underlying every definition is 
similar: the development of a comprehensive understanding of the systems under 
investigation. 
Richmond (1993, p.121) defines systems-thinking as:
‘The art and science of linking structure to performance and performance to structure, 
often for purposes of changing structure (relationships) in order to improve 
performance.’
Richmond (1993) suggested seven thinking tracks: dynamic thinking; continuum 
thinking; generic thinking; closed loop thinking; structural thinking; scientific thinking, 
and; operational thinking.  However, Ossimitiz (2000) stated that these seven skills are 
useful for systems dynamic modelling but are not very relevant outside this area. 
Richmond (1993) also realised that people could become overloaded cognitively if they 
had to develop seven skills. However, he stated that if the tracks were clearly organised 
and attention was given to each individual skill, they would be much more manageable. 
Different system approaches have been used by various scientific fields (Ossimitz, 1997). 
System dynamics is a strong method of investigating the surrounding world, and it is 
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also an appropriate way of describing interrelated systems (Hu and Shen, 2001). 
Ossimitiz (2000) reported that Richmond (1994) distinguishes between systems 
dynamics and systems-thinking, although the terms are often used interchangeably. 
Richmond (1994, p. 4) describes system-thinking as ‘systems dynamics with an aura.’ 
However, as Chandi (2008) points out, this definition is still very much oriented 
towards system dynamics, which is a strong tool for comprehending the interrelated 
system. 
Hogan and Weathers (2003) state that in the research area, scientists develop their 
ability  for systems-thinking by using new approaches to collaboration between 
disciplines, new ways of analysis and modelling and perhaps even a change in attitudes. 
However, Ossimitiz (2000) pointed out the difficulty of examining and measuring 
systems thinking. 
Kali et al. (2003) suggested that there were two components of systems-thinking, which 
are scientific knowledge and cognitive ability. Chandi (2008, 51) states that  ‘cognitive 
ability is highly likely to influence systems-thinking. When the same amount of 
information is imparted, the same level of understanding does not develop among all 
the students’.
Systems-thinking is held to be a higher order thinking skill required in science and 
technology, as well as in day-to-day  life (Kali et al., 2003; Assaraf and Orion, 2005; 
Ossimitiz, 2005).  Similarly, Fisher (1992) asserts that a higher order thinking skill is a 
mixture of ordinary skills rather than something beyond ordinary thinking skills.
Ossimitiz (2000, 2001) summarises the ways suggested by a number of other 
researchers to develop systems thinking: computer simulation games, and curricular 
concepts to encourage systems-thinking skills through specific teaching. The first holds 
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promise, although the time required to develop such games would be very considerable. 
However, the latter sounds more like unrealistic aspiration.
Klieme and Maichele (1991, 1994, in Ossimitiz, 2000) and Forrester (2000) used 
computer modelling to teach systems-thinking.  However, Scheetz (in Senge et  al., 
2000) contends that systems-thinking can be taught in other ways. 
Hogan and Weathers (2003) suggest that developing systems-thinking should be an 
educational aim. However, Kali et al. (2003) and Assaraf and Orion (2005) report that, 
in science education, not much is known about systems-thinking and there have been 
few studies published to elucidate this way  of thinking. Indeed, this may well be 
correct, for the only studies found were those of Chandi in university biology  (Chandi, 
2008; Chandi et al., 2009).
According to O’Connor and McDermott (1997), the crucial problem is that  education 
does not keep pace with innovations as they  are not fast enough to react to new ideas 
and therefore the school curriculum falls behind developments in society. Considering 
this, Chandi (2008) argues that problems arise because, 
(1) Curriculum planners often do not know about developments
(2) Teachers are obliged to follow the plans of the curriculum planners and have no scope 
to make innovations. 
Considering the contributions discussed above, it is clear that it is not easy to describe 
systems thinking, as it consists of many cognitive processes and sets of skills, a point 
noted by  Kannan et al., (2007).  The most common aspect of systems thinking is holistic 
synthetic thinking which Ackoff (1981) distinguished from the more widely-used 
analytic thinking. 
Analytic thinking attempts to understand a system by  dividing it into smaller 
components and studying each component separately  (Kannan et al., 2007). When these 
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are understood, the behaviour of the parts can explain the behaviour of the system 
(Kannan et al., 2007). Therefore, analytic thinking assists people to understand how the 
parts work and what they do, but synthetic thinking explains why the parts do what they 
do (Kannan et al., 2007). 
Holistic thinking is a vital component of systems thinking, but it does not describe all of 
the cognitive processes needed for systems thinking (Kannan et al., 2007).  Some of 
these are the following:
“Cause and effect  are often separated in terms of both time and space” (Kannan et al, 
2007).
Actions that  make a short-term improvement frequently make greater problems in the 
long term and vice versa. Because of these features, people frequently do not  learn 
from their errors (Kannan et al, 2007).
Long delays frequently lead to an individual creating a cause and another individual 
experiencing an effect (Kannan et al, 2007).  
Because of the differences between short- and long-term effects, what an individual 
learns from the short-term result of a decision may be different from the long-term 
outcome (Kannan et al., 2007).  Sub-systems and components of a system intersect 
using multiple non-linear feedback loops. The complex flow of interactions frequently 
creates counterintuitive behaviour and hence, what seems to be the correct decision may 
in fact be the wrong one (Kannan et al., 2007).
Systems thinking has been conceptualised as seeing the whole in the sense that the 
whole is greater than the sum of the parts. It means seeing how the parts interact, often 
in very complex ways, by starting with the whole and seeing it as a complex system. 
The work of Chandi et al. (2009) has shown the potential of this approach when 
considering first year university  students in biology when working in areas of genetics 
such as jumping genes. Here, the whole is definitely greater than the sum of the parts.
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The extent  to which systems thinking can play a part at school level is as yet 
unexplored. There seems one major obstacle to be overcome: the limitations of working 
memory. If the consideration of the system allows great  chunking (Miller, 1956), this 
approach may bring benefit, but this has yet to be demonstrated.  
3.13.3 Creative thinking
The idea of creativity  applies very  widely: it exists in the creative arts, in literature, in 
scientific developments, and in technologies, as well as in practical things such as home 
design and dress styles. However, Halpern (1997) expresses the view that creativity is 
difficult to define. 
Al-Qasmi (2006) notes that the majority of definitions stress the products of creative 
thinking, an idea shared by Bolton (1972) when he observes that an individual has 
shown creative thought if what he/she has produced is an original product as well as a 
product, which is important for the development of future products. He states that this is 
true whether the product is a style of artistic expression, a scientific theory  or a novel 
way of solving a problem the answer to which is already known.
Al-Qasmi (2006) observed that there are two principal features of creative products: 
they  should be novel and they should be valuable and useful, whether to the individual 
who has created them or to others in the society in which they  were produced. This 
underpins what is the accepted way of looking at creativity: the creation of some 
novelty and the product being valued in some way by someone.
Figure 3.10  Creativity (Source: Author)
According to Al-Atoom et al. (2007) and Jerwan (2009), creative thinking incorporates 
certain features:
CreativitySomething  
New
Something  
Valued
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3.11  Features of Creative Thinking (Source: Author)
Doherty and Evans (1990) proposed that there were four basic creative thinking skills 
(table 3.1).
Basic creative 
thinking skills Characteristics
Fluent thinking The production of as many ideas, attitudes or behaviours as possible. 
Flexible thinking Considering things from many points of view to produce various categories of ideas, attitudes or behaviours.
Originality The production of as many new and unique ideas, attitudes or behaviours as possible.
Elaboration The ability to expand a given group of ideas, attitudes and behaviours or make an addition to one of them.
Table 3.4  Four basic creative thinking skills. (Source: Doherty and Evans, 1990).
However, Halpern (1997) expanded on this, asserting that there were eight thinking 
skills which could assist in stimulating ideas and hence increase the likelihood of a 
creative response. These thinking skills, their description and examples of their use are 
shown in table 3.5 below.
Skill Description Example of use
Redefine the problem and goal. Phrase the problem in several different ways and come up with different types of solution.
Instead of asking “How can I get a new a job ?” or 
“How can I have more money?”
Find analogies. Apply solutions and ideas across different domains of knowledge.
Use knowledge about the ways animals keep cool to 
design a way to keep food cool.
List relevant terms Before attempting a solution, write down all terms that come to mind when you think about the problem.
When thinking about ways to improve the possibilities 
for peace in the Middle East, list all the relevant terms 
that come to mind in a 10-minute interval.
Brainstorm Without censoring or evaluation, list as many solution to the problem as possible.
In finding ways to save money, list every money-
saving idea you can. Best if done in a group.
Check lists Generate and use lists of ways that a solution can vary If designing a new toy, list ways that toys can vary - size, color, etc.
List attributes Create a matrix of relevant attributes and then combine cells
List the parts of a dress and the ways each can differ, 
then create combination.
Positive, negative, interesting List the positive, negative, and interesting aspects of various solution.
Use these three columns to evaluate solutions of the 
problem of world hunger.
Visualize Imagine yourself as part of the problem and try to “see” it from other perspectives
View the problem of teen violence from the 
perspective of the teens, police, victims, parents, etc.
Table 3.5   Review of Skills for Creative Thinking (Source: Halpern, 1997, p.260).
The ability to produce a number of original ideas derived from memory or retrieved from stored 
knowledge when needed or from previous experience and scientific concepts 
The ability to produce unique expressions and new ideas characterised by novelty and originality.
The ability to add new details to previous thoughts.
The capacity to change one’s mind according to any change in conditions; therefore, it is the 
reverse of mental rigidity or stasis and involves the generation of varied thoughts.
The capacity to experience a problem and delineate it. A situation may encompass more than one 
problem,  and a creative thinking possesses the ability to see all the problem involved.
Fluency
Originality
Detail or Elaboration
Flexibility
Sensitivity to Problems
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However, this list by Halpern is very complex.  It is typical of much thinking where, in 
an attempt to be all-inclusive, there is a loss of accessibility and focus on essentials.
Cropley  (1999) gives a wide and practical definition of creativity, suggesting that it is 
the “production of novelty”.  In this, as in many other definitions of creativity, there is 
an emphasis on the outcome of creative thinking being some type of product.  However, 
Mednick’s (1962) definition is somewhat broader, as he defined creative thinking as 
involving a process of the formation of associated elements into novel combinations 
which either fulfil specific requirements or are useful in some other way.
Figure 3.12  Three aspects of creative thinking (Source: Author After Saadah, 2003a)
Similarly, Saadah (2003a) considered creative thinking from three angles.
The first  is the ability to imagine and generate or invent something new through 
combination or change and re-apply the ideas that already exist.
The second angle concerns attitude, based on the ability to accept  change and renewal 
and the desire to play with ideas and possibilities. This requires flexibility, enjoyment 
in playing with these ideas and trying to improve on them and working to develop 
them.
The third angle concerns the creative process. This refers to a method or approach 
involving continuous hard work to amend and revise extant ideas, developing and 
improving upon these in order to arrive at better alternatives and come up with 
possible solutions. 
This can be summarised as in Figure 3.11.  
Ability
Attitude Process
Creative 
Thinking
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Figure 3.13   Creative Thinking (Source: Author after Saadah, 2003a)
What Saadah’s model does not mention is the criterion for something being new. 
Others have noted that what is new needs to be seen as being of value.  Nonetheless, his 
model is helpful. 
Dewulf and Baillie (1999) recognised the complexity of the concept of creativity and 
hence the difficulty of defining it. They  raised the question of whether creativity can be 
conceived as a set of characteristics that are possessed by everyone to some extent or 
another or whether these characteristics are unique to certain individuals.  However, Al-
Qasmi (2006) states that there is no generally accepted definition of creativity although 
she presents a very cogent picture of what is meant: something new and something 
valued (see Figure 3.10).
Dewulf and Baillie (1999) also raised the very important question of whether creativity 
was innate or whether there are conditions which can promote its development. In this 
respect, Maltzman (1960) proposed that it may be possible to enhance an individual’s 
creativity by training him/her to produce different associations to the same stimuli.  
When it comes to creative thinking, perhaps Al-Qasmi (2006) is right: there is no easy 
definition.  When it comes to creativity itself, the description is straightforward: the 
creation of something novel, and the product  is valued in some way  by someone. 
However, the product may not be an artefact.  It  may be an idea, a new insight, a new 
way of looking at some problem or issue.
Generating something new
Willingness to be flexibleContext of hard work
Creative 
Thinking
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3.14 Problem Solving and Creativity
According to Lumsdaine and Lumsdaine (1995), to proceed from one step to the next, 
the learner must give a satisfactory performance and achieve satisfactory results.  In 
other words, each component relies on the other to achieve the desired objective (Al-
Qasmi, 2006). Evaluation is a key process in assessing the outcome accurately and 
problem solving should be evaluated in each step to ensure that the learning is 
proceeding in the right direction (Al-Qasmi, 2006). 
Cropley  (2001) claimed that  creativity always involves a product that is the solution to a 
problem but this is a rather obvious point.  Guildford (1959) suggested that there was a 
direct link between creativity and problem solving and that the creative process had four 
stages. The first stage is recognising the existence of a problem, the second involves 
producing various relevant ideas (i.e. divergent thinking), the third consists of 
evaluating the possibilities produced, and the fourth is the drawing of appropriate 
conclusions that can lead to solving the problem. However, this is simply speculation.
However, Garret (1987) asserted that problem solving and creativity should not be 
viewed as interchangeable terms.  He also argued that problem solving should not be 
regarded as a process of creativity and, when the production of a solution to a problem 
involves creativity, this is known as creative problem solving; therefore, novelty is 
required in creativity, but is not always necessary in problem solving.  
According to Cropley (2001), creativity involves producing of something new or having 
the potential to do so.  He also supported the idea that the essence of creative thinking is 
network thinking and that these wide networks need concepts to join them.  In this 
respect, Al-Qasmi (2006) notes that information processing involves linking elements 
from within the same network and, therefore, produces no novelty; however, when two 
networks are linked through two or three connections, differing results are produced. 
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Thus, creative thinking must involve the linking of networks and ideas in such a way 
that something new is produced and this is a feature of some problem solving but 
certainly not all (Al-Qasmi,2006).
3.15 Lateral Thinking
Lateral thinking may be related to creative thinking and problem solving.  The concept 
of lateral thinking originated with De Bono (1967). De Bono (1970, p.9) described 
lateral thinking as being “closely related to insight, creativity and humour.” Hence, he 
implied that, although lateral thinking is associated with creative thinking, there are 
nonetheless differences between them (Al-Qasmi, 2006). 
De Bono (1970) also asserted that lateral thinking does not use information only for its 
own sake but also to form it into a new pattern. He argued that this rearrangement of 
ideas is an internal process rather than an external one, although lateral thinking can be 
assisted by a conflict of ideas (De Bono, 1970).  Hence, according to Al-Qasmi (2006), 
“creativity involves restructuring of patterns and production of new patterns.” De Bono 
(1992) states that lateral thinking describes a process, while creativity  frequently 
describes results. 
Lateral thinking can be contrasted with vertical thinking.  Halpern (1997, p.244) defines 
vertical thinking as “the refinement and improvement of existing ideas”, while she states 
that lateral thinking “generates ideas”. 
3.16 Convergent and Divergent Thinking
According to Robertson (1999), there are two main types of thinking - divergent 
thinking and convergent thinking.  The former involves “producing a variety of possible 
answers to a problem” (Robertson, 1999, p.43), while the latter is associated with 
problems that have only one right answer (Robertson, 1999).  Hence, divergent thinkers 
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are considered to be creative (Al-Qasmi, 2006).  However, Hudson (1966) pointed out 
that there were individuals who were equally good or bad at both types of thinking. 
Cropley  (2001) states that convergent thinkers recognise the familiar, use known 
strategies and do not produce novelty.  In contrast, divergent thinkers arrive at answers 
which may not have existed previously (Cropley, 2001). However, Al-Qasmi (2006) 
points out that  neither thinking style is necessarily superior to the other, but rather they 
are complementary. Indeed, there is a danger that divergent thinking is seen as superior. 
However, it is immediately obvious that convergent thinking is of value in its own right: 
it may allows decisions to be taken and conclusions to be reached.
3.17 Critical thinking
Critical thinking, as the main focus of this study, will be discussed in depth in Chapter 4 
and is listed here simply for completeness.
3.18 Conclusion
This chapter has reviewed literature on the importance of thinking skills, types of 
thinking skills and how these may  be taught in the classroom. The problem is that there 
is a large literature and considerable lack of clarity  and consistency, making drawing 
clear conclusions difficult.
With the advent of modern technology, the development of thinking skills has become 
more important than ever as countries compete in a globalised marketplace.  In Saudi 
Arabia, as well as in many other countries, there is therefore a need for the education 
system to develop and promote thinking skills in order to keep  pace with other countries 
as a knowledge economy.  For instance, as far as science education is concerned, the 
emphasis is changing and it is coming to be seen as involving not only acquisition of 
knowledge but also the development of thinkings skills, creativity and innovation. 
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However, it is clear from the literature that thinking skills are themselves not easy to 
define, not least because thinking processes cannot be observed and vary  considerably 
among individuals (Al-Atoom et al., 2007).  In addition, many  types of thinking have 
been identified (see table 3.1, p. 23), and De Bono (1991) maintains that no single 
definition of thinking is possible due to the variety of descriptions. 
The relationship between language and thinking has also been widely discussed in the 
literature.  For example, Anderson (1980) argues that in children, linguistic progress is 
associated with the level of progress in thinking. In addition, thinking has been seen as 
offering a basis for language while language offers tools for thinking.  Language and 
thinking are strongly interconnected and influence each other (Al-Atoom et al., 2007).
Thinking has also been seen as having a relationship  with memory.  Johnstone’s (1997) 
information processing model (see Figure 3.6, p. 31) shows new observations and 
perceptions going through a filter, which is affected by what has previously been stored 
in the long-term memory.  Working memory  is used to hold new information, hold 
information which can be transferred to the long-term memory and to process 
information. The capacity of the working memory is limited (Miller, 1956) and has been 
found to increase with a child’s age.  However, the key  insight from all information 
processing models is that the working memory is the location where thinking, of any 
kind, must take place. Because of its limited capacity, all attempts to develop thinking 
skills must  take account of the limited cognitive capacity  of individuals, a point stressed 
clearly by Kirschner et al (2006).
As there is no single definition of thinking, neither is there a single definition of a 
thinking skill.  Smith (2002) points out that ability is often used as a synonym for skill 
but skills generally  require more training, experience, and proficiency than abilities. 
Reagan (2008) states that  one of the most important thinking skills is being able to 
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judge whether a source is reliable and whether the information it presents is true. In this 
respect, Smith (2002) argues that the evaluation of sources represents a strong thinking 
skill which is vital across all domains.  In a similar vein, for Resnick (1985), all 
thinking skills are generic.
Many researchers have proposed techniques to develop thinking skills in the classroom. 
For example, Beyer (2008) highlighted the importance of impressing upon students that 
thinking skills are useful in their daily lives.  However, many of these proposals have 
failed to take into account the limitations of working memory capacity (Kirschner, 
2006) and the demands of an often overcrowded curriculum. Indeed it has been debated 
whether thinking skills can be taught at all (Coles and Robinson, 1991).  However, it 
has been suggested that thinking skills can be taught outside the curriculum as a 
separate subject, within the curriculum in the context of various disciplines, or as a 
combination of the two.  
However, the aims of the curricula and the demands of national assessment are 
obstacles to teaching thinking skills.  As long as there is little reward for teaching 
thinking skills, it is unlikely that it will receive great attention. 
Many types of thinking skills have been identified, including systems thinking, creative 
thinking, lateral thinking and scientific thinking. According to O’Connor and 
McDermott (1997), a crucial problem is that new school curricula do not keep  pace with 
innovations as they  are not sufficiently rapid in their reaction to new ideas; hence, 
school curricula lag behind developments in society. Chandi (2008) demonstrates that 
this is the fault of the curriculum developers as teachers themselves are not part of the 
process of curriculum development. 
To sum up, from this chapter, it can be concluded that:
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(a) All thinking takes place in the working memory and is influenced by the way working 
memory works and is controlled by the fixed and limited capacity of working 
memory;
(b) All outcomes from the thinking process may or may not be stored subsequently in 
long term memory;
(c) Thinking is a unified process and any attempt to divide it  up into types of thinking is, 
inevitably, artificial.  To solve a problem, individuals may used many forms of 
thinking at the same time;
(d) Thinking has been conceptualised here under four broad categories (recognising this is 
artificial), simply to allow further analysis of the skills involved;
(e) This analysis allows for operational descriptions of the various types of thinking to be 
developed and this can guide the development of thinking skills in an educational 
setting;
(f) This analysis allows for the development of tests to measure specific thinking skills so 
that teaching approaches can be developed and tested.
Figure 3.14  Summary of overview for thinking (Source: Author after Johnstone, 1997)
In brief summary,
Critical thinking:   Involves asking the questions how, what  and why of information, 
its sources and its significance.
Scientific thinking:  “The unique characteristics of scientific thinking relate to the 
nature, place and handling of experimentation, including the place 
of hypothesis formation” (Al-Ahmadi, 2008, p.142). 
Creative thinking:   The creation of something novel, valued in some way by someone. 
This product  may not be an artefact, but  may be an idea, a new 
insight, or a new way of looking at some problem or issue.
Systems thinking:  The development of a comprehensive understanding of the systems 
under investigation. 
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This is an attempt to offer a very brief summary  of what might  be meant by each aspect 
of thinking.  The next chapter will offer further discussion of critical thinking, the 
central theme of this study.
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Chapter 4
Critical Thinking
4.1 Introduction 
The modern world has witnessed rapid advances in scientific and technological progress 
in all aspects of life. Indeed, there is a knowledge explosion, with the volume of this 
knowledge perhaps doubling every eighteen months in the 21st century  (Al-Jundi & 
Sadiq 2001). In addition, we are living through a communications revolution, with 
access to knowledge available at the touch of a button. 
In this context, education needs radical reconsideration. No longer is the teacher to be 
seen as the transmitter of information and the textbook no longer will define what is to 
be learned. Indeed, learners need to be taught how to access information usefully  and, 
even more importantly, to develop the skills to be able to evaluate the information they 
access. Kong (2005) describes this in terms of the development of skillful thinking. It 
could equally be described as the need for critical thinking.
Education in the Kingdom of Saudi Arabia must keep pace with developments taking 
place in the rest of the world, and adapt to the new global lifestyle in order to make a 
better future for its citizens. This will not be achieved without a high standard of 
education in a world full of changes, information channels, and new inventions and 
discoveries appearing almost daily (Nassur, 1997). In the face of these rapid changes, 
the individual encounters a number of challenges and problems, which require him/her 
to adapt to them and to be able to make the correct choice from among several 
alternatives after assessing them carefully (Alhammouri and Alwahr, 1998).  
Sahar (2000) notes the need to change the way teachers are viewed, moving from 
purveyors of information to those who seek to develop the skills of information access, 
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handling and evaluation. Indeed, Al-Jundi & Sadiq (2001) observes the need to move 
beyond a consideration only of what students learn towards teaching the learners to 
think for themselves.
Critical thinking has become a widely-used term in the domain of education in recent 
years (Fisher, 2005; Kong, 2005).  Indeed, in the past, it was argued that critical 
thinking has received the greatest attention from both academics and practitioners in the 
field of education (McPeck, 1981; Ennis, 1985).  According to Norris (1985), critical 
thinking is not an educational choice and all students should be taught to think 
critically; traditional methods of the simple transfer of knowledge and learning by rote 
are no longer sufficient. However, there is no agreement on whether critical thinking 
should be taught within the context of specific subjects or taught explicitly  and 
separately (Fisher, 2005). 
4.2 Critical Thinking and Science Education 
In many countries, education in the sciences at school level has already moved well 
beyond the transmission of information. Attitudes, skills and thinking have emerged as 
key aspects (Albaz, 2001; Nahid, 2003). However, much is still at the level of assertion 
and opinion and there is a lack of evidence on how to achieve progress.
In a Middle Eastern context, Albaz (2001) has argued for a focus on the following 
aspects:
(1)  Teaching science as an inquiry process.
(2)  Providing the learner with different thinking skills.
(3)  Integrating the learners’ experiences.
(4)  Stimulating creativity in the learners.
(5)  Deepening learners' abilities in scientific and critical thinking.
(6)  Promoting positive attitudes towards the sciences.
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However, this is just a set of aspirations. How to make progress is much more 
demanding and, indeed, the work of Kirschner et al. (2006) undermines many of the 
assertions made.
The current scientific age requires the preparation of a generation of individuals capable 
of thinking clearly and expressing themselves precisely, open-minded and respectful 
and considerate of others’ viewpoints, who are at the same time aware of their ideas, 
feelings, and emotions, while not allowing these to cloud their judgement or obscure 
their critical thinking skills (Educational Links, 2005). 
Zaitoon (2004) argues that, in order to prepare the learner to face these challenges, we 
need to build his/her autonomy through independent learning, raising his/her aspiration 
and self-confidence, able to take the initiative and become a thoughtful researcher, 
technologically and scientifically  educated, able to deal with the problems and decision-
making required for daily  life in the 21st century. However, this is largely  aspirational 
without addressing the issue of how this may be achieved. 
4.3   The History of Critical Thinking
Critical thinking is not a new phenomenon. Indeed, Facione (2009) states that it existed 
before schools came into being and is one of the foundations of civilisation. Paul (1990) 
also considers that the roots of critical thinking can be traced back to Socrates, who 
revealed through questioning that most individuals could offer no rational justification 
for their strongly-held beliefs. Paul (1990) considers that the Socratic tradition was 
continued and extended by a few 18th and 19th century intellectuals, such as Voltaire, 
Cardinal Newman, J.S. Mill and W.G.Sumner.  
Al-Qasmi (2006) argues that, although critical thinking began with Socrates over 2,500 
years ago, it is John Dewey who is often considered to be the originator of the modern-
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day tradition of critical thinking. This is echoed by Ennis (1993), who cites Dewey’s 
(1910) work How We Think as the seminal work in modern critical thinking and that 
which sets critical thinking as a major educational aim. Similarly, Fisher (2005) is of the 
view that Dewey (1910) offered one of the first discussions of critical thinking while he 
considers the next significant development in the critical thinking tradition to be 
Glaser’s (1941) work An Experiment in the Development of Critical Thinking. Glaser 
(1941) based his initial work on Dewey’s idea of critical thinking, but divided it into 
several particular abilities. Paul (1990) also cites Glaser (1941) as the originator of the 
modern critical thinking movement and points out  the significance of the Watson-Glaser 
Critical Thinking Appraisal (1940), which Glaser developed together with Watson as 
part of this movement.  
According to Al-Degether (2009), the work of Benjamin Bloom (1956), a cognitive 
psychologist at the University of Chicago, was among one the earliest on critical 
thinking. However, although Bloom and his colleagues developed a taxonomy of 
cognitive skills associated with critical thinking skills, he did not specifically identify 
these skills as elements of critical thinking, nor did they specify  way in which these 
skills could be taught (Al-Degether, 2009).  Similarly, Al-Qasmi (2006) states that 
Bloom (1956) originated modern critical thinking theory. However, Kong (2005) argues 
that contemporary critical thinking in fact originated in 1962, with the publication of 
Ennis’s article, ‘A Concept of Critical Thinking’, which, rather than focussing on the 
process of critical thinking, concentrated on the quality of its products. Fisher (1991, in 
Coles and Robinson, 1991, p. 50) also cites Ennis’s (1962) article as a “landmark in the 
field”, with its aim of detailing the meaning of critical thinking and what it involves. 
Ennis redefined his original concept in the late 1980s, and included within it  a process 
of critical thinking directed towards making decisions as to beliefs or actions (Ennis, 
1989; Norris and Ennis, 1989).  
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4.4  What is Critical Thinking?    
Several definitions of critical thinking have emerged; the multiplicity of definitions of 
critical thinking could be attributed to the multiplicity of specialties among scholars. For 
instance, logicians define critical thinking as arriving at results from premises; 
biologists define it as the attempts made by the living organism to overcome obstacles 
encountered in the environment; and educationalists and psychologists are interested in 
the skills involved in critical thinking in order to reach logical and illogical discussion 
(Abdul Jalil, 2006). Many educators and others concerned with thinking, its patterns and 
skills have also directed their attention towards critical thinking and have put forward 
several definitions.  
Al-Degether (2009, p.23) states that critical thinking is defined according to its 
“function, forms, elements and the strategies used to enhance it”, while McPeck (1990) 
views critical thinking in terms of attitude.  He holds that a critical thinker thinks for 
him/herself, queries the relevance of information and reflects upon it sceptically, 
seeking the truth independently in order to arrive at a conclusion. He defines critical 
thinking as “the appropriate use of reflective skepticism within the problem area under 
consideration. And knowing when to apply this reflective skepticism effectively requires, 
among other things, knowing something about the field in question” (McPeck, 1990, p.
7). 
Keesing (2003) defines critical thinking as “reflective social practice”, thus linking 
critical thinking to social transformation. Paul (1993) on the other hand, defines critical 
thinking as a “mode of thinking - about any subject content or problem - in which the 
thinker improves the quality of his or her thinking by skilfully taking charge of the 
structures inherent in thinking and imposing intellectual standards upon them.” 
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Zeidler et al. (1992) point out that the concept of critical thinking is frequently  used as 
an umbrella term to cover problem solving and all thinking operations. Similarly, Beyer 
(1988) distinguished critical thinking and thinking strategies such as problem solving 
and decision making. Fisher and Scriven (1997, p. 21) made the point that, in order to 
be critical, thinking must fulfil certain criteria of relevance, reasonableness, coherence 
and so forth. On this basis, he defined critical thinking as “the skilful and active 
interpretation and evaluation of observations and communications, information and 
argumentation” (Fisher and Scriven, 1997, p. 21). 
Ennis (1981) states that the three upper levels of Bloom’s taxonomy (analysis, synthesis 
and evaluation) are often offered as a definition of critical thinking, but he argues that 
Bloom’s levels are not really  hierarchical, but are independent. Ennis (1962, in Ennis, 
1993, p.179) gave a very simple definition of critical thinking as “the correct assessing 
of a statement”. However he later expanded on this definition of critical thinking to 
offer a new definition: “Critical thinking is reasonable, reflective thinking focused on 
deciding what to believe or do” (Ennis, 1993, p. 179).
Assaid (1995) described critical thinking as the outcome of cognitive and personal 
skills, involving the ability to examine events and link them back to their causes, and 
the abilities to infer, deduce, and weigh up  reasons, proof and discussions, as well as the 
ability to see all aspects of a matter and to be open-minded about it. 
According to AlMasree (2003), critical thinking as a mental activity, reflecting on cause 
and effect, giving precise and accurate objective interpretation and judgment, without 
bias or prejudice.
Alsorur (2003) maintains that critical thinking refers to the ability  of the individual to 
differentiate between hypotheses and generalisations, between fact and fiction, and 
between verified and unverified information.
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Ghanem (2004) views critical thinking as comprising a set of skills that could be 
learned, practised, and mastered, which are manifested in the ability  to evaluate 
information and verify opinions, taking into consideration all the different viewpoints 
related to the topic under investigation.
Facione’s (2009, p. 18) definition of critical thinking is “the process of purposeful, self-
regulatory judgment. This process gives reasoned consideration to evidence, context, 
conceptualizations, methods and criteria.” 
The panel of experts which was formed at the 1990 conference of the American 
Psychologists’ Society (known as the Delphi Conference) numbered 46, representing 
various academic areas such as education, science, the humanities and social sciences 
(table 4.1).
Discipline N Discipline N
Philosophy 22 Computer Science 1
CT Assessment 2 Physics 1
Psychology 3 Zoology 1
Education 7 Behavioral Science 1
Critical thinking 1 Freshman Studies 1
Assessment and Evaluation 1 Social Science 1
Council of Critical Analysis 1 Economics 1
Institute For CT 1 Northwest Regional Education 1
 Total = 46
Table 4.1  Disciplines of Delphi Panel researchers (Source: Author after Facione, 1990b)
The Delphi panel defined critical thinking thus: “We understand critical thinking to be 
purposeful, self-regulatory judgment which results in interpretation, analysis, 
evaluation, and inference, as well as the explanation of the evidential, conceptual, 
methodological, criteriological, or contextual considerations upon which that judgment 
is based” (Facione,1990b).
Norris and Ennis (1989, p.1) and Ennis (1997, p.2) defined critical thinking as 
“reasonable and reflective thinking that is focused upon deciding what to believe or 
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do”. This expands on Dewey’s (1910, p.13) definition of reflective thinking as 
“judgment suspended during further inquiry.”
Kong (2005, p. 7) states that many  definitions of critical thinking appear to have a main 
theme in common, which is that“critical thinking is a mental process that seeks to 
clarify as well as evaluate the action and activity that one encounters in life.”
According to Willingham (2007, p.8) a lay-person’s definition of critical thinking is that 
it “consists of seeing both sides of an issue, being open to new evidence that 
disconfirms your ideas, reasoning dispassionately, demanding that claims be backed by 
evidence, deducing and inferring conclusions from available facts, solving problems 
and so forth.”
Paul’s (1990, p.51) definition of critical thinking is the following: “Critical thinking is 
disciplined, self-directed thinking which exemplifies the perfections of thinking 
appropriate to a particular mode or domain of thought. It comes in two forms. If 
disciplined to serve the interest of a particular individual or group, to the exclusion of 
other relevant persons and groups, it is sophistic or weak sense critical thinking.  If 
disciplined to take into account the interests of diverse persons or group, it is 
fairminded or strong sense critical thinking.” 
According to Lipman (1988), critical thinking differs from simple thinking in that it 
presents opinions supported by evidence while simple thinking offers opinions 
unsupported by  evidence. In this respect, Saadah (2003a) refers to a set of features 
characterising critical thinking and not shared by other types of thinking. The most 
prominent of these characteristics are: 
Attempting to search for evidence, as critical thinking includes determining arguments 
and working to apply and develop them, as well as providing proof and examples to 
support the idea judge its soundness.
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Taking into account other viewpoints, and researching the phenomenon or problem 
from different angles, with the objective of ultimately reaching a decision which is 
correct.
Mental skills, characterised by scepticism and open-mindedness, seeking evidence and 
focusing on accuracy and clarity; flexibility in the light of new evidence, determining 
the authenticity of proof and examples and estimating the extent  of their contribution 
to reaching acceptable outcomes.
The use of procedures to apply criteria, of which the most  important are directing 
questions  and specifying assumptions.
Inference and deduction. The critical thinker is considered to possess the ability to 
arrive at conclusions by scrutinising the logical relationships between data and 
available information.  
It is clear from the above summaries of the views of many thinkers that there is no 
agreed-upon operational description of what is meant by critical thinking. Nonetheless, 
there are some areas of common understanding. An attempt will be made in the next 
section to explore these and seek to come to a clearer description.
4.5 Thinking Critically about Critical Thinking
Describing what is meant by critical thinking is not easy and the literature is full of 
interesting analyses.  It might help to think in terms of the opposite of critical thinking. 
What is meant by saying a person is thinking uncritically.  In essence, if we are thinking 
uncritically, that implies a lack of questioning.  Things are just accepted at face value.
Figure 4.1   Thinking Uncritically and Critically (Source: Author)
Thinking CriticallyThinking Uncritically
Accepting without question
The information source
The information itself
The meaning of the information
Questioning
The information source
The information itself
The meaning of the information
Identify aspects of accuracy and ambiguity 
in the information given, represents the ability 
to think logically and to evaluate arguments and 
evidence, to identify assumptions and what aspects 
are contained in them. Requires judgment based on
specific criteria and evidence and the ability to assess
evidence and sources of information. 
Impedes critical thinking due to
learners making hasty and biased 
judgements, and is a personal orientation,
a selection of  facile or common views, 
and uses routine, dependent  thinking.
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Another way to look at critical thinking is:
Figure 4.2    Two Dimensions of Critical Thinking (Source: Author)
In figure 4.1, thinking negatively  about what happens when thinking is uncritical offers 
a useful way to see the positive skill of critical thinking. Figure 4.2 emphasises that, 
although critical thinking is essential a cognitive activity, it has an attitudinal dimension: 
the person needs to be cognitively equipped and be attitudinally willing.
While critical thinking means considering the new information and its source, it  also 
means exploring how new information is to be understood in the light of what is already 
understood. This is a vital skill in all learning in the sciences where so much is highly 
conceptual. Critical thinking may thus result in linking new ideas correctly  with 
previous ideas in the long-term memory and finally leads to a better understanding of 
scientific ideas. In this way, learners may rapidly build up networks of ideas, 
meaningfully linked together. Connecting ideas that make sense give a clearer and 
broader view of scientific concepts. 
It is only relatively recently  that there has begun to be an emphasis on thinking and 
critical thinking in teaching and learning. However, there is a pressing requirement for 
critical thinking skills to be developed in order to confront current issues in teaching 
and learning, such as memorisation and rote learning.  
As thinking is carried out in the working memory, critical thinking, as a type of 
thinking, must take place in the working memory.  Critical thinking is not an absolute 
term.  Individuals will vary in the extent to which they  think critically. However, it is 
perhaps a reasonable possibility  that  it is a cognitive skill that can be nurtured over time 
and the skill built up step by step.
Critical 
Thinking
A cognitive 
skill
An attitudinal 
perspective
Being cognitively equipped to question:
The information source
The information itself
The meaning of the information
Being willing to question:
The information source
The information itself
The meaning of the information
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If learners use critical thinking, they will learn how and when to ask which ideas can be 
generated, be open-minded, respect the views of others, and be willing to change their 
minds if they find more meaningfully insights. They  will also look at familiar and 
unfamiliar information in the same way.   However, it is necessary to consider how the 
brain carries out this type of thinking in order to permit the development of critical 
thinking skills in a way which is in line with the way the brain functions.
Figure 4.3  Process of critical thinking (Source: Author)
Figure 4.3 stresses the critical role of working memory  as well as emphasising that 
critical thinking is a cognitive set of skills with attitudinal dimensions.
However, there is third aspect to critical thinking.  Not only is critical thinking a set of 
cognitive skills, with an attitudinal dimension but an individual cannot think critically  in 
a vacuum. There has to be some information, knowledge understanding. This is 
summarised in figure 4.4.
Figure 4.4    Elements in Critical Thinking (Source: Author)
Overall, there are these three aspects to critical thinking but it is clear from the literature 
reviewed that it is not easy  to find any agreement as to a description of the skill of 
critical thinking. Nonetheless, it is possible to abstract a procedural definition for 
critical thinking, as follows:  
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In sum, all thinking occurs in the working memory and is therefore affected by the way 
working memory functions and constrained by the fixed and limited capacity of 
working memory. Any  result of the thinking process may or may not be subsequently 
transferred to the long-term memory  for storage. This model can be represented as in 
figure 4.5.
Figure 4.5   Location of model of critical thinking (Source: Author after Johnstone, 1997a)
This model will be developed further in Chapter 8.
4.6  The Importance of Critical Thinking 
Al-Degether (2009) has stressed the importance of developing critical thinking skills 
among students, while Norris (1985), Ghanem (2004) and Guttami (2005) suggested 
several reasons for the importance of developing critical thinking skills. These can be 
summarised as follows:
Increases the motivation for in-class learning.
Creates a classroom environment reliant on purposeful dialogue and which introduces 
activities that can be practised by the students both inside and outside the classroom.
Critical  thinking is a series of invisible mental activities  that occur in the working memory, carried 
out  by the individual facing a  problem and striving to find a suitable solution for it  after utilising and 
drawing on the experiences and information he/she has, in order to work out a solution for the 
problem and to reach a logical answer by asking three questions: How?  What?  Why?  in relation to 
new information sources, the information itself and to the linking process involved in understanding.
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} }
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Transforms the process of knowledge acquisition from a passive function to an active 
one, conducive to a better mastery of cognitive content and a deeper understanding 
thereof.
Provides students with correct and acceptable explanations for the subjects studied.
Enables the students to monitor and control their thinking, with the result  that their 
thinking becomes more accurate, which assists them in making decisions and protects 
them against emotional passivity and extremes of opinion.
Improves the students' ability to learn autonomously.
Enhances the students' performance in various school subjects.
Encourages discussion, dialogue, and broad-mindedness, as well as the capacity to 
communicate and negotiate with the teacher and each other.
In this respect, Facione (2011, p. 23) states that“critical thinking is fundamental to, if 
not essential for, a rational and democratic society.” In the same vein, Facione and 
Facione (1996) state that critical thinking has been identified as being vital to the 
development of knowledge and an educated society in order that the social and 
economic challenges of the 21st century can be addressed. In addition, critical thinking 
enables individuals to adapt significantly better than their counterparts who possess this 
ability  to a lesser degree, since society changes rapidly and its events become 
intertwined, resulting in the appearance of challenges that scientific knowledge cannot 
adequately meet; however, it is imperative to possess the skill of applying this 
knowledge effectively (Nickerson, 1985).
Al-Degether (2009) points out that a good deal of the critical thinking literature 
emphasises the importance of developing critical thinking skills in schools. However, 
there is a dearth of literature suggesting how this might be achieved and virtually none 
indicating how evidence about its achievement can be obtained. Over a century ago, 
Dewey (1910) argued that children come to schools with a variety of ideas and 
knowledge and they expect schools to reflect what they  experience in their daily lives 
and to help them understand these experiences. He argued that schools frequently failed 
to recognise this requirement and that children were therefore unable to apply  what they 
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learned in school to their daily  lives outside the school. However, this is largely the fault 
of curriculum planners who impose the curricula on schools, leaving teachers little 
scope and time. In the age of the internet, critical thinking skills are even more 
important (Al-Degether, 2009). Beyer (1987) states that if students are taught to think 
critically, this helps them to be responsible for their own learning, which enhances their 
confidence and will ultimately lead to higher academic achievement.
Schafersman (1991) states that  it  is necessary to teach students how to think rather than 
teaching them what to think about, since the purpose of teaching thinking is the 
improvement of the thinking skills they have, and to prepare them to be better able to 
face life's various problems. While this is true, it gives no indication on how it  can be 
achieved. While developing opportunities and the conditions for students to think 
independently is, of course, important (Shaheen, 1998), Mcfarland (1985) argues that it 
is more important to promote the desire and ability to think critically, for the sake of 
developing objectivity, and participating in citizenship and democratic partnership. 
Similarly, Brown (1998) states that if pupils think critically  they can better consider 
democratic values in society, if they live in a democratic society. No matter how 
laudable these aims, how to achieve them in an over-crowded curriculum is less easy.
Simister (2004) offers three main reasons for teaching students how to think critically:
Enhance the experience of learning and permit  learners to understand their 
environment and fulfil their potential.
Give learners the ability to make the right decisions and respect those around them.
Assist learners to be creative and therefore able to resolve problems in the future. 
These encompass a huge range of desirable outcomes but again, no evidence is offered 
on how to move forward to achieve these aims.
Al-Degether (2009) makes what appears to be the rather naive suggestion that it is 
important to train teachers in critical thinking so that they can in turn teach the next 
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generation of students how to think critically. This ignores the fact that those who plan 
school curricula more or less preclude such aims, giving little confidence that there are 
those who are capable of offering such training. Indeed, overall, there is little evidence 
about how to develop critical thinking skills.
4.7 Criteria and Conditions of Critical Thinking
Elder and Paul (1996) claim that there is general agreement on criteria and conditions 
for critical thinking. Jerwan (2009) and Al-Atoom et al. (2007) discuss this and table 4.2 
offers a summary of the views.
N Criterion Explanation
1 Clarity
This means the statement should be sufficiently clear as to be understood and to convey the intentions of 
the speaker. The teacher is able to reinforce this criterion by frequently asking the next question (e.g. Is it 
possible to express your ideas in some other way? Give an example of this? What do you mean?)
2 Accuracy
This means the statement is correct and validated (documented, with  evidence and proof). The teacher 
can consolidate part through questions (e.g. How could we scrutinise or measure that? Is that right? What 
is the source of your information? How could we verify the validity of your information and sources?)
3 Precision 
This refers to the application of comprehensive treatment and expression of the topic at hand, without any 
addition or omission. The teacher may promote this through the questions (e.g. Could you be more 
specific? Can you give more details?)
4 Relevance 
This refers to the extent of relationship between the question or utterance, and the topic of discussion or 
the studied problem.  The teacher may reinforce this through questions, such as: Do these questions or 
statements illustrate and clarify the problem? Do they incorporate proof supporting the situation or the 
case?).
5 Depth
This means that the handling of a problem should be characterised by a depth of thinking, interpretation 
and prediction of the phenomenon. The teacher may reinforce this by questions, such as: Did you think 
about the topic thoroughly? Is this interpretation deep? Did you comprehensively study and clarify the 
problem?
6 Breadth 
This refers to a complete and comprehensive grasp of the problem or topic while benefitting from other 
viewpoints concerning how to deal with the problem. The teacher could further this aspect through 
questions, such as: Is there another way to solve or deal with this problem? Are there alternative 
standpoints and if so, should we adopt them?
7 Logic
This emerges when trying to organise, sequence, and interconnect ideas in a way that is conducive to 
clear meaning or a result based upon reasonable arguments. The teacher may further this aspect through 
questions (e.g. Is there and contradiction in the ideas? Is that sensible? Do you believe that the 
justifications you have offered would solve the problem?)
Table 4.2  Criteria of Critical Thinking: Synthesis
(Source: Author based on Elder and Paul, 1996; Jerwan, 2009; Al-Atoom et al., 2007)
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4.8  Critical Thinking Skills
The literature is full of lists of critical thinking skills, but there is an almost complete 
absence of any  evidence on how to develop these successfully  with learners. Some of 
these lists are now outlined.
Watson and Glaser (1991) devised a list of a number of skills:  
Recognition of Assumptions: This is represented in the ability to distinguish between 
the degree of correctness or incorrectness of specific information and to distinguish 
objectively between fact and opinion in given information.
Interpretation: This is represented in the ability of the person to delineate and 
formulate a problem, to interpret it  logically and report  whether the generalisation and 
findings based upon certain information are acceptable or not.
Inference: This refers to the ability of an individual to arrive at  a result  as a 
consequence of preceding premises or information.
Deduction: This is the capacity of the individual to deduce a result  from certain facts, 
referring to the ability to detect  a correct or incorrect  result in the light  of given 
principles and generalisations.
Evaluation of arguments: This is the ability to assess an idea and accept  or reject  it; to 
distinguish between primary and secondary sources, and between weak and sound 
arguments; and to judge whether the information is adequate (Al Atoom et al., 2007). 
Facione and Facione (2002) summarise the critical thinking skills measured by  the 
California Critical Thinking Skills Test  as analysis, evaluation, inference, deductive 
reasoning, inductive reasoning, and self-regulation. 
Al Masree (2003) refers to a set of critical thinking skills mentioned in Arabic literature, 
which are the following: 
Distinguishing between established, defendable facts and personal and judgmental 
assumptions.
Differentiating between proof and examples, and between relevant causes and those 
that are not associated with the subject.
Verifying the credibility of the information sources.
Verifying the mode of information transfer.
Identifying the sources of evidence, proof and examples are that not immediately 
apparent.
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Avoiding bias and favouritism.
Exposing and refuting erroneous logic.
Verifying the strength of a proof or claim.
Udall and Daniels (1991) classified critical thinking skills into the following three 
categories: inductive thinking skills, deductive thinking skills, and evaluative thinking 
skills. 
Deductive reasoning works from the more general to the more specific. Sometimes this 
is informally called a "top-down" approach. Inductive reasoning works the other way, 
moving from specific observations to broader generalizations and theories. Informally, 
we sometimes call this a "bottom up" approach.  In inductive reasoning, we begin with 
specific observations and measures, begin to detect patterns and regularities, formulate 
some tentative hypotheses that we can explore, and finally finish by developing some 
general conclusions or theories. These can be further analysed as follows: 
4.8.1 Inductive thinking
This is an inferential process aimed at reaching conclusions or generalisations that go 
beyond the available proof or the information presented by  the preceding occurrences. 
By its nature, inductive thinking is directed towards the discovery  of rules and laws, in 
addition to being an important way of working out new problems, finding new solutions 
for old problems or developing new hypotheses. Hence, instead of avoiding induction, 
we need to make our inferences and conclusions verifiable as far as possible by being 
cautious not to make generalisations or overstatements and to avoid falling into errors 
(Udall and Daniels, 1991). 
4.8.2 Deductive thinking
This is a process of logical inference aimed at reaching certain conclusions or new 
knowledge through reliance on assumptions or premises or available information. 
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Deductive proof has a symbolical or linguistic structure. The first part thereof 
incorporates one or more assumptions that pave the way to an inevitable conclusion. 
This means that if the assumptions or information mentioned in the first part of the 
structure are valid, it will necessarily follow that the deduction following in the second 
part is accurate (Jerwan, 2009). Jerwan (2009) offers numerous examples (tables 4.3-6).
Example (assumptions and premises): All athletes have robust muscles. All volleyball players are athletes. 
Conclusion: All volleyball players have robust muscles.
The first assumption All athletes have robust muscles.
The second assumption All volleyball players are athletes.
Conclusion All volleyball players have robust muscles.
If we scrutinise the constituents of the deductive proof, we find the first assumption setting an absolute 
relationship between all athletes and robust muscles and the second assumption setting up an absolute 
relationship between all volleyball players and their being athletes; the deduction does not go beyond the 
limits of the given information (Jerwan, 2009).  
Table 4.3    Deductive Thinking (Source: Jerwan, 2009)
All birds fly. The bat flies; therefore the bat is a bird.
This is of course false, as a bat is a mammal.
The first assumption All birds fly 
The second assumption The bat flies
Conclusion The bat is a bird
Table 4.4  Invalid Deductive Thinking (Source: Jerwan, 2009)
The simplest forms of deductive proof may take the form of an hypothetical logical 
syllogism, which is made up of a major assumption and a minor assumption and an 
outcome deduced from these, and has two versions: 
1 The minor assumption supports the major assumption.  For example, in the sentence, “When it rains, 
the sky is overcast”, the major assumption is that it is raining, and the minor assumption is that the 
sky is overcast.
The major assumption When it rains, the sky is overcast
The minor assumption  It is raining
Conclusion  The sky is overcast.
2 The second version is where the minor assumption contradicts the major assumption. For example, 
in the sentence, “If Ahmad had slept early, he would have woken early”, the minor assumption is that 
Ahmad did not wake up early. The conclusion is that Ahmed did not sleep early.
The major assumption If Ahmad had slept early, he would have woken early
The minor assumption Ahmad did not wake up early.
Conclusion Ahmed did not sleep early
Table 4.5  Hypothetical logical syllogism (Source: Jerwan, 2009)  
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The erroneous hypothetical logical syllogism could take two forms:
1 The secondary or sub-assumption could contradict the main or major assumption
The major assumption When it rains, the sky is overcast The major assumption does not 
mean that the sky is overcast only 
when it rainsThe minor assumption It is not raining
Conclusion  The sky is not overcast.
2 The secondary assumption could assert the outcome resulting from the first part of the main assumption.
The major assumption If Ahmad had slept early, he would have woken early The major assumption does not 
necessarily mean that getting out 
of bed early follows from 
sleeping early.
The minor assumption Ahmad woke up early.
Conclusion Ahmed slept early
Table 4.6  Forms of erroneous hypothetical logical syllogism (Source: Jerwan, 2009)
From this, we can clearly  see the importance of inference via logical deduction, and 
particularly that it comprises the following skills: “employing logic; recognising 
contradictions in a situation; analysing logical syllogisms; solving problems based on 
the perception of spatial relationships” (Jerwan, 2009, p.72).
4.8.3 Evaluative thinking
This is a mental activity  aimed at issuing judgment about the value of thoughts and their 
soundness, as well as the ability to issue judgments, make decisions and choose the best 
form. According to Udall and Daniels (1991), it comprises three skills: 
 Reliance on criteria when issuing judgements through the identification of main 
issues, knowledge of main assumptions, assessment of these assumptions, and 
sequentiality of information).
 Establishing the accuracy of claims or information through judging the authenticity 
of the source of the information, such as the author's reputation, accuracy, 
specialisation and scientific integrity; evaluating the reports; classifying information; 
determining the points of similarity and difference in information on a particular 
situation, and; assessing proofs and evidences.
 Logical determination of erroneous information through specifying the information 
pertinent to the subject, determining erroneous inferences, and; precisely determining 
opinions and facts.
Ennis (1989) argues that  critical thinking is characterised by two features: it is 
reasonable because it is conducive to deductions and sound justified decisions as robust 
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proof; and it is a form of reflective thinking showing complete awareness of the steps of 
thinking by which deductions are reached.
The education literature is replete with lists of critical thinking skills, attributable to the 
multiplicity of intellectual schools related to studying critical thinking. Some of these 
skills are listed below. 
Ennis (1985) grouped critical thinking skills into three sets:
✓  Skills of accurately identifying the problem and clarifying it.
✓  Skills of inference from information.
✓  Skills of solving a problem and abstracting reasonable deductions.
Jerwan (2009) expanded on these groups as follows:
Distinguishing between facts that  can be verified, and claims or judgmental 
statements.
Distinguishing between claims and facts about the subject.
Determining the level of accuracy of the text or speech.
Determining the credibility of the information source.
Identifying imprecise claims and arguments 
Checking if there is any bias.
Identifying defects in logic.
Identifying inconsistencies in the reasoning.
Determining the substance of a proof or claim.
Taking decisions in respect  of the subject and building a solid groundwork with a 
practical procedure 
83
Chapter 4
Facione and Facione (1996) categorised critical thinking skills and sub-skills thus:
Skills Sub-Skills. Definition
Interpretation
Categorization
“comprehend and express the meaning or significance of a wide variety of experiences, situations, data, 
events, judgments, conventions, beliefs, rules, procedures, or criteria.” (Facione, 1990b, p. 6).Decoding Sentences
Clarifying Meaning
Analysis
Examining Ideas
“to identify the intended and actual inferential relationships among statements, questions, concepts, 
descriptions of other forms of representation, intended to express belief, judgment, experiences, 
reasons, information or opinions” (Facione, 1990b, p. 7).
Identifying Arguments
Analyzing Arguments
Evaluation
Assessing Claims “to assess the credibility of statement or other representations which are accounts or descriptions of a 
person’s perception, experience, situation, judgment, belief or opinion; and to asses the logical strength 
of the actual or intended inferential relationships among statements, description, questions or other 
forms of representation” (Facione, 1990b, p.8).Assessing Arguments
Inference
Querying Evidence
“to identify and secure elements needed to draw reasonable conclusions; to form conjectures and 
hypotheses; to consider relevant information and to educe the consequences flowing from data, 
statements, principles, evidence, judgment, beliefs, opinion, concepts, descriptions, questions or other 
forms of representation” (Facione, 1990b, p.9).
Conjecturing 
Alternatives
Drawing Conclusions
Explanation
Stating Results
“to state and to justify that reasoning in terms of the evidential, conceptual, methodological, 
criteriological and contextual considerations upon which one’s results were based; and to present one’s 
reasoning in the form of cogent arguments” (Facione, 1990b, p. 10).
Justifying Procedures
Presenting Arguments
Self-
Regulation
Self Examination “self-consciously to monitor one’s cognitive activities, the elements used in those activities, and the 
results educed, particularly by applying skills in analysis and evaluation to one’s own inferential 
judgments with a view toward questioning, confirming,validating, or correcting  either one’s reasoning 
or one’s results” (Facione, 1990b, p.10)
Self Correction
 Table 4.7   Critical thinking skills and sub-skills
(Source: Author after Facione and Facione, 1996, p. 4)   
They go on to exemplify their analysis:       
Skills Sub-Skills Example
Interpretation
Categorization
The ability to identify an author’s purpose, theme or point of view or of being able to 
recognise a problem and describe it in an unbiased way.  Decoding Sentences
Clarifying Meaning
Analysis
Examining Ideas
The ability to to identify in what ways two approaches to the solution of a particular problem 
are similar and in what ways they differ.Identifying Arguments
Analyzing Arguments
Evaluation
Assessing Claims The ability to judge whether two statements are contradictory or whether the evidence at hand 
supports the conclusion being drawnAssessing Arguments
Inference
Querying Evidence
The ability to predict what will happen next based on what is already known concerning the 
forces in operation in a particular situation and the ability to develop a set of alternatives for 
addressing a problem. 
Conjecturing Alternatives
Drawing Conclusions
Explanation
Stating Results
Examples include the ability to specify the evidence that has led to the acceptance or rejection 
of a writer or speaker’s position on an issue.Justifying Procedures
Presenting Arguments
Self-Regulation
Self Examination Examples include the ability to examine one’s views for possible bias when considering a 
controversial matter and to vary the speed and method of one’s reading according to the type 
of material and the purpose on reading it.  Self Correction
Table 4.8   Examples of critical thinking skills and sub-skills (Source: Author after Facione, 2011)
Facione (1990b) reports that the Delphi Panel experts identified particular cognitive 
skills as being central or core critical thinking skills, although this does not necessarily 
mean that an individual must possess all of these skills in order to be a proficient critical 
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thinker. However, these experts do not think that critical thinking should become 
another subject to be taught in the school curriculum, but should rather be integrated 
into programmes with discipline-specific content (Facione, 1990b).  
While numerous authors (e.g. Norris, 1985; McPeck, 1981; Siegel, 1980; 1984; 
Schafersman, 1994; Kong, 2005) have asserted that critical thinking is a vital goal for 
education, McPeck (1990) states that the two main issues are what exactly critical 
thinking means and what is the best way to teach it and that the answer to the latter 
question is influenced by the answer to the former. 
Some argue that certain principles of critical thinking are common to many fields 
(Ennis, 1997; Halpern, 1998). Fisher (2001, p.8) names certain skills which he sees as 
underlying critical thinking. These are how to: 
“identify the elements in a reasoned case, especially reasons and conclusions;
identify and evaluate assumptions
clarify and interpret expressions and ideas
judge the acceptability, especially the credibility, of claims;
evaluate arguments of different kinds;
analyse, evaluate and produce explanations;
analyse, evaluate and make decisions;
draw inferences;
produce arguments.”
However, Clark and Biddle (1993) make the important point that critical thinking is not 
just about lists of skills but rather, concerns the capability  to use these skills to make a 
successful plan. 
However, a learner will only  use critical thinking if he or she has the skills to do so and 
they  are willing to do so.  Indeed, it is necessary for past learning and general 
experience to indicate that thinking in this way is useful and appropriate.  This can be 
summarised in Figure 4.6.
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Figure 4.6   The Use of Critical Thinking (Source: Author)
4.9 How to Teach Critical Thinking Skills
There are three basic schools of thought concerning the teaching of critical thinking 
(Cotton, 1999, Al Heela, 2002; Alssorur, 2003; Guttami, 2005; Al-karaki, 2006;) and 
Wakefield, 1996). One holds that critical thinking should be taught as a separate subject 
as part of the curriculum, while another is in favour of integrating critical thinking 
instruction in the teaching of specific subjects (this is known as domain-specificity). 
The third school of thought holds that these two approaches can be combined. Kong 
(2005) points out that there is considerable debate and controversy about this issue. 
The following sections will present a discussion on these three approaches.
4.9.1 Teaching Critical Thinking Through the Independent or Direct Techniques  
In this approach, critical thinking is treated as a subject per se, with students being 
given specific critical thinking programmes: the ‘teaching of thinking approach’ (Kong, 
Skills to ask the questions
how? what? why?
of
Incoming information itself
The source of the information
How it links to previous ideas
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how? what? why?
of
Incoming information itself
The source of the information
How it links to previous ideas
Use of 
Critical
Thinking
Cognitive 
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Previous 
knowledge and 
experience
What past experience and learning indicate 
about the usefulness of asking the questions
how? what? why?
of
Incoming information itself
The source of the information
How it links to previous ideas
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2005, p.2). The salient characteristics of these would be to make students aware of the 
importance of critical thinking and to reflect on the thinking operations they are 
undertaking; in this way, their critical thinking would become more precise. Proponents 
of this technique maintain that teaching critical thinking by this direct method requires 
the students to concentrate on the intellectual skill rather than on the study  content. 
They  argue that  focusing on content constitutes an obstacle to the students’ 
enhancement of their intellectual skills.  However, according to Kong (2005), it is not 
certain that this approach will facilitate the transfer of general critical thinking skills to 
specific subjects. 
4.9.2	   Teaching Domain-Specific	  Critical Thinking  
Al-Degether (2009) asserts that critical thinking skills vary among subjects and 
therefore cannot be transferred between subjects. Ennis (1997) argues that one problem 
concerning domain-specificity is that the concept of a domain is unclear. Advocates of 
teaching domain-specific critical thinking believe that teaching critical thinking as an 
independent subject is confusing and a digression from the natural school environment. 
Proponents of this method maintain that embedding critical thinking instruction in the 
teaching of specific subjects assists students in overcoming learning difficulties in 
schools and enables them to attain a deeper understanding of the cognitive context of 
the subject being studied. Hence, the level of learning in the subject is raised and the 
students are encouraged to employ various thinking processes to help  them arrive at 
correct interpretations when making decisions. Moreover, as the curriculum is 
organised, the expectation is that  the domain-specific teaching of critical thinking 
should follow clear steps in an organised procedure. However, Kong (2005) argues that 
this subtle teaching of critical thinking skills as part of content instruction may not 
necessarily facilitate the transfer of these skills across domains.  
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Willingham (2007) argues that critical thinking is not a generic skill that, once learned, 
can be applied in any situation.  His view is that thinking processes are linked to the 
content of thought, that is, domain-specific knowledge and that it  is not reasonable to 
attempt to teach critical thinking without factual content.  He further states that  critical 
thinking is a type of thought rather than a set of skills. Therefore, educators should 
consider that for students to develop  critical thinking skills it is necessary for them first 
to know that they should look for a deep  structure in a problem and to be familiar with 
that deep structure (Willingham, 2007). 
According to Ennis (1997), it is often argued that if critical thinking is domain-specific, 
it is useless to give students a separate critical thinking course.  Indeed, Willingham 
(2007) states that most critical thinking programmes are based on the premise that 
students can learn a set of critical thinking skills that are applicable across domains. 
However, in his view, it  is highly unlikely  that a programme will ever be developed that 
can teach students to think in a variety of circumstances.  He contends that existing 
programmes have several limitations. Firstly, after the programme, students are only 
evaluated once, and therefore it  is not possible to discover whether the programme has 
had any long-term effects. Secondly, there is no control group; therefore it is not 
possible to be entirely  certain whether any gains are attributable to the critical thinking 
programme or to another factor or other factors, such as experiences outside school. 
Thirdly, there is no measure to discover whether students can transfer what they have 
been taught in the programme to other materials. Finally, few of the programmes have 
been evaluated by independent experts (Willingham, 2007). 
However, it should be noted that Willingham (2007) questioned whether it  was in fact 
possible to teach critical thinking skills at all and this remains a matter of considerable 
debate among academics and practitioners. For instance, Marten (1997) is of the view 
that, while the questions “what”, “when”, and “which” do not require any explanation, 
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the question “why” does and it  is therefore this questions that critical thinking asks. 
Moreover, it should be noted that, as Beyer (1987) points out, it  is important to 
distinguish between teaching thinking and teaching critical thinking skills. He states that 
teaching thinking involves previous experience and intuition, whereas teaching critical 
thinking is a particular operation, such as the identification of a problem or the 
evaluation of an argument’s strength, that is carried out  in order to achieve thinking 
aims (Beyer, 1987).  
4.10  Teaching Critical Thinking Generically
This approach can be said to combine the two approaches above. Proponents of this 
style of teaching call for the necessity  to teach critical thinking skills as an addition to 
the school curriculum. It focuses on learning critical thinking skills through everyday, 
real-life activities.  For instance, after students have been instructed in the use of such 
skills, they are then encouraged to put them into practice when designing or carrying out 
projects relevant to their daily  lives. Similarly, Ennis (1997) argues that if critical 
thinking is taught  according to the domain-specific approach, this would not promote 
students’ application of critical thinking in their daily lives.  In this regard, (Facione, 
1990b) states that it  is important that students are taught to use critical thinking skills 
outside the classroom.  Tishman et  al. (1993) suggest that encouraging and rewarding 
critical thinking in an educational setting is one way in which students can be 
encouraged to use critical thinking skills outside the classroom. 
All of the above expresses ideals. However, no evidence is presented to indicate how all 
this can be done in overcrowded curricula, with examination systems where the rewards 
come largely from the recall of information.
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Presseisen (1988) asserts that a unified approach to teaching critical thinking skills is 
able to offer a basis for instruction in any  domain. Swartz and Park (1994) called this 
the infusion approach. According to Kong (2005), this approach offers several 
advantages, one being that only minimum changes will be involved in the teachers’ 
instructional planing.  Many educators are of the view that the infusion of critical 
thinking in the curriculum is more effective than teaching separate classes in critical 
thinking (e.g. Ennis, 1989; Kuhn, 1999).  This would appear to be a practical approach 
to teaching critical thinking skills in view of the fact that the curriculum is already 
crowded and the school day is long.  Hence, to teach critical thinking as a separate 
subject would take up more precious time, as well as increasing the burden on teachers. 
The infusion approach, as mentioned above, requires only slight modification to 
teachers’ methods of instruction and, as critical thinking is integrated in the subject, it 
would not necessarily require more time than is already devoted to that subject. 
Jerwan (1999) argues that school and classroom environment play an important role in 
the success of teaching critical thinking skills.
Thus:
(1) The general environment of the classroom, which should contain material which is 
designed to stimulate critical thinking
(2) The student should be the centre of class activities 
(3) Using thought-provoking questions and suitable evaluative techniques providing the 
opportunity for the student to consider several alternatives 
(4) The existence of a suitable instructional setting providing various learning tools and 
materials, together with the use of appropriate teaching techniques 
(5) Asking the students to carry out various learning tasks, and inculcating positive 
attitudes towards learning critical thinking skills
Jerwan (1999) believes that all of the above are likely to promote the development of 
critical thinking skills. While this appears reasonable but no evidence is offered to 
support these views. 
90
Chapter 4
Research has also shown that students obtain higher marks in critical thinking tests 
(Wee, 1984, in Kong, n.d.) and standardised achievement tests (Redfield and Rousseau, 
1981) when teachers use higher-order cognitive questioning methods.  Kong (n.d.) 
concludes that if critical thinking skills are to be improved, it is necessary to learn the 
skills first and then to utilise these skills in an appropriate setting. However, Kong (n.d.) 
also points out that a considerable time may be required for changes to occur. 
4.11 Teaching Critical Thinking in Science
According to Bailin (2002), there is a general consensus of opinion that critical thinking 
should be a crucial element of science education. However, she stresses that “many 
efforts to foster critical thinking in science rest on misconceptions about the nature of 
critical thinking” (Bailin, 2002, p.361). 
Bailin (2002) indicates that critical thinking in the literature is often conceptualised in 
terms of processes or skills which can be improved through practice. For example, 
Mestre et al. (1992, p. 77) refer to “enhancing higher-order thinking skills in physics”, 
while Halpern (1992, p.2) writes of “thinking and learning skills”.  According to Crow 
(1989), the skills and processes in higher-order thinking include solving problems, 
making decisions, analysing, and looking for answers. However, Bailin (2002) argues 
that conceptualising critical thinking in terms of skills and processes presents a number 
of problems. For instance, it is not possible to observe mental processes, but only to 
infer them after the completion of a task for which thinking has been necessary and 
therefore the thinking process is often regarded in terms of the product or result of 
thinking. Bailin (2002) is of the opinion that, although this type of conceptualisation is 
particularly prevalent in science education literature, in fact, critical thinking is not 
ensured simply  by going through a procedure, as this procedure may not necessarily be 
carried out in a critical way.  For example, Friedler et  al. (1990) describe a procedure for 
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scientific thinking involving a process of which aspects can be carried out in an 
uncritical way. 
Al-Khaleely et al. (1996) offer a number of suggestions as to how critical thinking in 
science may be promoted. These include the following: 
(1) Directing the students’ attention towards specifying problems and errors or defects 
in information.
(2) Requiring them to undertake activities in the form of puzzles and issues that capture 
their attention and interest, while challenging their minds.
(3)  Raising doubts about the logical interrelation of variables and outcomes.
(4) Directing students to reflect  on their thinking and leading them to reach appropriate 
solutions.
(5) Encouraging students to engage in dialogue and discussion, expressing their own 
opinions and accepting those of others after critiquing them objectively, and asking 
questions contributing to a deeper comprehension of the problem.
However, looking at this list, the conclusion can be drawn that it  describes what may be 
termed loosely as ‘good teaching’ and is not in fact unique to any ideas of critical 
thinking.
Bailin (2002) states that an appropriate way  to proceed will be determined by the 
characteristics of the problem in hand and the context in which the thinking occurs.  She 
also states that not all of the procedures which are suggested as critical thinking 
procedures are, in fact, necessary, but rather, are frequently heuristics, which can be 
helpful in problem-solving but are not required to solve problems. In addition, 
knowledge is reduced to being only the matter which is processed if critical thinking is 
seen in terms of processes (Bailin, 2002).
In this respect, Crow (1989, p.115), states that in many cases “the entire course or 
program is devoted to the development of critical thinking. Science content merely 
serves the background for the skill development.”.  However, Bailin (2002) states that it 
is necessary to have a sound knowledge of the subject matter in hand before beginning 
92
Chapter 4
to think critically, as it is an integral part of critical thinking.  She also makes the point 
that it  is not logical to assume that a process of interpretation will not  alter according to 
the subject matter, but that  interpretation depends on context  and is associated with the 
various types of knowledge required to complete the task in hand.  Hence, interpreting a 
graph and interpreting a poem involve very different types of knowledge (Bailin, 2002). 
Bailin (2002, p.366) points out that although all interpretation involves bringing out a 
meaning, successful interpretation involves “an understanding of the conventions of 
representation in the area and the application of the relevant criteria of meaning. These 
centrally involve knowledge.”  Therefore, Bailin (2002) argues that as critical thinking 
is contextual, science instruction should focus on tasks and problems that stimulate 
critical thinking.  It  also involves concentrating on specific criteria which are central to 
comprehension and are therefore necessary  to respond critically to the task or problem 
(Bailin, 2000).  
Bailin (2002) also states that skill appears to be an ability within an individual. Similar 
difficulties arise when critical thinking is conceptualised in terms of skills, particularly 
as the term skills is itself ambiguous (Bailin, 2002).  According to Bailin (2002, p.368) 
it is an error to think of critical thinking in terms only  of process or skills and that 
mastering “other intellectual resources is insufficient if an individual does not have a 
basic commitment to rational inquiry” which are required for critical thinking. 
Anderson (1999) states that science instruction should focus on conceptual tools rather 
than procedures and on reasons rather than rules.
93
Chapter 4
4.12  Critical Thinking Instruction and Attitudes
Attitudes can affect critical thinking. This has been conceptualized as seeing critical 
thinking in terms of being a cognitive skill with attitudinal dimensions. In simple terms, 
learners not only needs to know how to think critically, they  also need to be willing to 
think critically. Indeed, if there are few rewards for such thinking, any  will to employ it 
may well be stifled.
Chapter 5 will explore the whole attitude dimension further.
4.13  Evidence for assessing critical thinking
According to Ennis (1993), the assessment of critical thinking has received even less 
attention than the teaching of critical thinking.  He states that it is not easy to assess 
critical thinking, but  believes it is not impossible.  In this respect, Facione (1990b) 
states that there are several ways to judge an individual’s critical thinking skills, among 
which are the following: 
(1) Through observation of an individuals’ actions;
(2) By comparing the results of using a particular skill against a particular set of criteria;
(3) By asking individuals to describe the procedures they employ in exercising critical 
thinking skills. 
However, Hofreiter (2005) points out that, as there is a lack, or even absence, of 
methods which can measure individuals’ cognitive processes, those who wish to 
measure critical thinking are restricted to measuring only the product of thinking. 
Moreover, according to Hofreiter (2005), the majority  of critical thinking tests for 
undergraduates attempt to  measure changes in critical thinking after only a short critical 
thinking course and existing tests may not be sufficiently accurate to measure such 
minor changes. 
Facione (1990b) adds that, when assessing critical thinking skills, it is important to 
ensure that the conditions encourage the subjects to have a positive attitude towards 
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exercising their critical thinking skills as best they can and that they are not restricted 
from doing so. Indeed, Facione (1990a) is of the opinion that critical thinking 
performance should be assessed in a number of different situations, using various 
assessment methods, in order to establish a composite view of the subject. However, 
this is perhaps an unrealistic and impractical ideal.
Norris (1989, p. 23) holds that critical thinking is difficult to assess, as there are “no 
detailed normative theories ..... and values that ought to underlie critical thinking 
dispositions”.  Hence, it is unclear how better critical thinking tests should be built, or 
how the evidence from tests should be interpreted in terms of disposition towards 
critical thinking (Norris, 1989).  Norris (1989) holds that in order to test validly for 
critical thinking, it is necessary to have evidence on the thinking processes of those who 
are being examined.  
Multiple-choice critical thinking tests cannot provide strong evidence as to thought 
processes, but they are nonetheless the most popular type of test (Norris and Ennis, 
1989).  Multiple choice as an assessment technique has been studied extensively by 
Friel and Johnstone (1978; 1979 a,b; 1988) and they have shown that the technique is 
highly  flawed in numerous ways. One key weakness is that the examiner has no way  of 
knowing why a particular answer has been chosen. This has major implications for 
trying to assess critical thinking, for answers may be chosen for reasons unrelated to 
thinking skills. Indeed, having only one right answer is also inconsistent with aspects of 
critical thinking (Norris, 1989). Such questions seldom test for open-mindedness and 
frequently do not test for evaluating the credibility of sources (Ennis, 1993).
Ennis (1993) further states that in order to develop  an appropriate test  for critical 
thinking, it is necessary  first  to be clear as to the purpose for which the test will be used: 
discovering students’ critical thinking levels; identifying students’ strengths and 
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weaknesses in critical thinking; motivating students to improve their critical thinking, 
and; determining the success of teachers’ attempts to teach their students critical 
thinking. 
Ennis (1993) notes the two types of tests: domain-specific and general-content-based. 
He is of the opinion that it would be a mistake to neglect the latter in favour of the 
former, as general-content-based tests are necessary to “check for the transfer of critical 
thinking instruction to everyday life, regardless of whether thinking instruction is 
embedded in subject-matter instruction or whether it is offered in a separate course or 
unit, or in a combination of the two” (Ennis, 1993, p. 182). 
Ennis (1993) states that  the three criteria which should be used when evaluating a test 
are whether the test is based on a defensible conception of critical thinking; how 
comprehensively it covers this conception, and; how effective it appears to be at the 
level of the students involved. 
According to Facione (1990b), a critical thinking test should be evaluated according to 
its content validity, construct validity, reliability  and fairness.  Regarding content 
validity, his view is similar to that of Ennis (1993), in that he stresses the importance of 
the test being based on an appropriate conceptualisation of critical thinking and clarity 
as to the aspects of critical thinking that  are being tested.  Moreover, Facione (1990b) 
states that it is important to ensure that it is not possible to respond correctly  to the test 
questions simply through rote learning.
Regarding construct validity, Facione (1990b) emphasises the importance of ensuring 
that correct  responses are made on the basis of strong critical thinking and wrong or 
insufficient responses are made because of weak critical thinking.  Similarly, as far as 
reliability  is concerned, if different markers or evaluators are involved in marking the 
same test, it  is vital to cross-check their evaluations in order to be sure of the reliability 
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of their findings.  In terms of fairness, Facione (1990a) asserts that it is essential to take 
precautions to ensure that no group or students is advantaged or disadvantaged in a 
critical thinking test on any grounds such as gender, reading ability, or socio-economic 
status.  He adds that, while it is impossible entirely to eradicate the effect of such 
variables as these, the greatest effort should be made to control for or minimise their 
influence. 
Nisbet (1991, p. 33) notes the difficulty in taking critical thinking seriously and show 
that it “achieves what it claims and that children and adults can think more effectively 
as a result of instruction.” Gaining evidence is not easy (Nisbet, 1991).  In this respect, 
Ewell (2004) states that it  is necessary to clarify  concepts concerning critical thinking 
and that it is necessary  for an educational establishment to be able to inform students 
precisely what it  is they are being asked to do and to inform them how well they have 
carried out the tasks. 
Williams (1999) emphasizes the importance of validity and reliability. The real issue is 
to comprehend the mental process of critical thinking sufficiently well to be able to 
assess it. This requires being able to focus in on the key features of critical thinking and 
developing test material that explores these as precisely as possible. The traditional 
ways of using multiple choice are probably  not helpful while the fashion of trying to 
measure cognitive skills using questionnaires has been shown to be very flawed. In her 
study, Hindal (2007) was able to compare questionnaire responses on two cognitive 
skills where standard tests exist (field dependency and divergency) and showed that 
there was almost no connection between the outcomes from self-report when compared 
to the actual test scores.
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4.14  Studies in Critical Thinking
One of the major problems in the studies found in countries in the Middle East is that 
most used self-report approaches, often based on the California Critical Thinking Skills 
Test. Inevitably, this reveals what people ‘say’ they are thinking and doing. This may  or 
may not reflect how they actually think or what they actually will do.  Since critical 
thinking is such a complex matrix of skills, it is also likely  that the picture gained is 
very imprecise, a problem implicit in attitude assessment as well (see Reid, 2006b).
Some of the main studies are summarised in the table below.
Author Sample Context Assessment Outcome
Lloyd and Bahr 
(2010)
26 students and 21 academics 
in a large Australian 
university.
Compare academics’ and 
students’ definitions and 
understandings of critical 
thinking.
Online survey
Students and academics have 
substantively similar definitions 
and understandings of critical 
thinking.
Lun (2010)
5 Chinese and 5 New Zealand 
European postgraduate  
students in Wellington, New 
Zealand.
The influence of culture on 
the teaching and learning of 
critical thinking in higher 
education.
Interviews. 
Significant positive relationship 
between critical thinking skills and 
academic performance, but with no 
significant differences between the 
Chinese and New Zealand 
European samples.
Rababa’h 
(2008)
56 biology students (9th 
grade), control and 
experimental
Systematic approach in 
acquiring scientific concepts
Test of critical thinking 
skills based on Al Jaradat 
(2006)
Gain in critical thinking in general 
for experimental group, at p < 0.05
Al-otaibi 
(2008)
61 female students, second 
year of intermediate, control 
and experimental
Effectiveness of the use of 
the “Learning Cycle” method 
in mathematics
Test of critical thinking 
(Al-Shargi, 2005)
Gain in all aspects of critical 
thinking for experimental group, at 
p < 0.05 but no relationship 
between critical thinking and 
mathematics performance
Al-Karaki 
(2007)
60 first-year university 
students, control and 
experimental
Effectiveness of a 30-hour 
training programme to 
develop critical thinking
Modified California 
Critical Thinking Skills 
Test 2000
Gain in critical thinking in general 
for experimental group, at p < 0.05
Al-Salamat 
(2007)
60 upper basic stage physics 
students (10th grade), control 
and experimental
Strategy based on Marzano’s 
Dimensions of Learning 
model
Test of critical thinking 
skills based on Al Jaradat 
(2006)
Gain in critical thinking in general 
for experimental group, at p < 0.05
Almoualled 
(2007)
64 biology students (2nd 
grade) control and 
experimental
Effects of teaching a unit in a 
biology course to develop 
critical thinking
Abdul Salam and 
Soliman’s critical 
thinking test
Gain in critical thinking in general 
for experimental group
Al-Tarawneh
(2006)
147 upper basic stage female 
physics students (10th grade), 
three groups
Revised learning cycle California Critical Thinking Skills Test 2000
Gain in critical thinking in general 
for experimental group, at p < 0.05
Al-Jaradat 
(2006)
40 gifted students, control and 
experimental
Effect of a problem-based 
programme for the 
improvement of both creative 
and critical thinking skills
California Critical 
Thinking Skills Test 2000
Gain in critical thinking in general 
for experimental group, at p < 0.05
Al-Khaled 
(2006) 112, control and experimental
Effect of metacognitive 
teaching strategy
A test of critical thinking 
skills in general physics 
topics
Gain in critical thinking in general 
for experimental group, at p < 0.05
Ayasrah 
(2006)
110 female physics students 
(3rd Grade), control and 
experimental
Effectiveness of portfolio and 
concept mapping assessment
Scale to measure 
students’ critical thinking 
skills, the sub-sections of 
which were explanation, 
analysis, inference, 
demonstrating 
justification, and 
interpretation.
No differences found
Mahmood
(2005)
80 secondary school students 
studying biology, control and 
experimental
Effect of using a problem-
solving strategy, 16 lessons 
over 2 months
A test of biological 
concepts, a test of critical 
thinking, and a 
measurement of attitudes 
towards biology
Statistically significant effect of the 
programme on critical thinking
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Author Sample Context Assessment Outcome
Al-degether 
(2005)
163 female faculty members 
in 5 teacher training colleges 
in Saudi Arabia.
Investigate participants’ 
opinions on the importance 
of teaching critical thinking, 
their knowledge of critical 
thinking elements and the 
critical thinking methods 
they use in their teaching.
Survey and contents 
analysis. 
Participants were favourable 
towards critical thinking methods, 
but were unsure of the elements of 
critical thinking.
Hofreiter 
(2005)
23 undergraduate students in 
Florida, USA
Relationship of pre-test and 
post-test scores in critical 
thinking skills to disposition.
Likert-scale disposition 
assessment (the UF 
EMA). Essay-based skills 
assessment.
Students did not improve in critical 
thinking disposition but improved 
in overall critical thinking skills. 
15-week course may improve 
critical thinking skills when 
undergraduate students learn these 
skills in a disciplinary process.
Kong 
(2005)
29 pre-service teachers in 
Singapore
The critical thinking 
dispositions of pre-service 
teachers.
The California Critical 
Thinking Dispositions 
Inventory (CCTDI) (6-
point Likert scale) (pre-
test and post-test). 
Subjects who had been exposed to 
the thinking module had a higher 
score in the CCTDI post-test.
Kennison 
(2003)
57 nursing graduates in 
Virginia, USA
Describe relationships among 
teacher ratings, cognitive 
word use and a standardised 
measure of critical thinking.
Critical Thinking Scale 
(CTS), California Critical 
Thinking Skills Test 
(CTST). Data analysed by 
Linguistic Inquiry and 
Word Count (LIWC) 
software programme.
Statistically significant relationship 
between mean teacher rating using 
the CTS and CTST, but low 
correlation. No relationship 
between mean teacher rating and  
LIWC cognitive mechanism. No 
relationship between total LIWC 
cognitive mechanism score and 
total CCTST critical thinking score.
McKinstery 
and Topping 
(2003)
15 pupils aged 16-18 acting as 
tutors and 15 pupils aged 12 
as tutees in a Scottish 
secondary school.
Evaluation of Paired 
Thinking method to teach 
critical thinking skills.
3, 20-minute sessions of 
tuition using Paired 
Thinking method per 
week for an unspecified 
period
The Paired Thinking method had 
considerable potential impact on 
enhancing critical thinking skills.
Yildirim 
(2001)
285 schoolteachers in New 
York State
Investigate teachers’ 
theoretical orientations 
toward teaching thinking.
Survey questionnaire.
Less than a quarter of the teachers 
showed a content or skill 
orientation.  The majority had 
mixed views about these two 
theories, indicating that neither 
orientation was predominant 
among the teachers.
Reid 
(2000)
434 sophomore students form 
9 nursing programmes in 
Texas
Comparison between results 
of 2 tests of critical thinking, 
one general and one domain-
specific.
California Critical 
Thinking Skills Test 
(CCST)(2000) and Arnett 
Critical Thinking 
Outcome Evaluation 
(CTOE)
Limited validity between the two 
tests. They appear to measure 
different aspects of critical 
thinking.
Kong 
(n.d.)
136 pre-service teachers in 
Singapore
Investigate effect of 
cognitive infusion 
intervention on pre-service 
teachers. 
Cognitive Infusion Model 
(CIM); Watson-Glaser 
Critical Thinking 
Appraisal test (1980); The 
California Critical 
Thinking Dispositions 
Inventory (CCTDI) 
Positive changes after going 
through CIM were limited but 
indicate that the infusion approach 
is effective for improving critical 
thinking skills and disposition. 
Table 4.9  Summary of Some Empirical Studies (Source: Author)
4.15 Differences Between Critical Thinking and Other Types of Thinking
Some researchers consider critical thinking and creative thinking to be similar, while 
others make a clear distinction between them. For example, according to Paul (1993), 
they  are similar because they are both types of purposeful thinking and associated with 
the individual’s ability to work things out. Ennis (1987) and Halpern (1998; 2007) took 
a similar stance.  Ennis (1987) asserted that a number of the cognitive skills required for 
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critical thinking, for instance, developing hypotheses, finding various ways of regarding 
a problem and making plans for action, need creative thinking. Similarly, Halpern 
(1998) argued that creative thinking is necessary when engaging in critical thinking to 
make decisions or solve problems, as developing and choosing alternatives needs a 
certain degree of creativity.
Critical thinking and creative thinking are both held to be advanced forms of thinking 
(Ten Dam and Volman, 2004).  Amabile (1983) states that creative thinking generally 
results in an outcome that is considered innovative. Glassner and Schwarz (2007) 
indicated that both creative thinking and critical thinking were required when evaluating 
arguments. Thus, in terms of the thought processes required to solve problems and 
evaluate arguments, critical thinking and creative thinking could be considered closely 
intertwined. 
However, Hartman and Sternberg (1993) distinguish between critical and creative 
thinking in terms of their function; hence, the function of critical thinking is to permit 
individuals to process information and make a decision, whereas the function of creative 
thinking is to permit an individual to develop, choose, combine, and change ideas or 
information in order to form a novel reality; hence, due to the difference in emphasis on 
outcomes, critical thinking and creative thinking may  be considered as separate types of 
thinking. Perkins (1990) also distinguished between them, arguing that creative thinking 
and critical thinking have different aims; the aim of creative thinking is to develop new 
ideas, whereas the aim of critical thinking is to evaluate and assess ideas.  According to 
Harris (1998),
“First, we must analyze the problem; then we must generate possible solutions; next we 
must choose and implement the best solution; and finally, we must evaluate the 
effectiveness of the solution. As you can see, this process reveals an alternation between 
the two kinds of thinking, critical and creative. In practice, both kinds of thinking operate 
together much of the time and are not really independent of each other.”
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He further states that while creative thinking and critical thinking are closely associated, 
there are nonetheless a number of clear differences between them.  These can be seen in 
table 4.10 below.  
Critical thinking Creative thinking
Analysis Generative
Convergent Divergent
Vertical Lateral
Probability Possibility
Judgment Suspended judgement
Focussed Diffuse
Objective Subjective
Left brain Right brain
Variable Visual 
Linear Associative
Reasoning Richness and novelty
Yes, but Yes, and
 Table 4.10   Critical and Creative Thinking (Source: Harris, 1998)  
As Facione (2011) points out, critical thinking is not the only type of what is referred to 
as good thinking and that, while creative thinking is also a type of good thinking, there 
are many other forms, such as deductive thinking and scientific thinking and so forth. 
Willingham (2007) discusses scientific thinking, stating that it  is associated with critical 
thinking, but that it also requires domain-specific knowledge of science subjects.  For 
example, scientific thinking requires understanding and use of conditional probabilities 
but that  individuals’ reasoning was often deficient in this regard, and success in the use 
of conditional probabilities frequently depended on how the issue was presented.  This 
leads Willingham (2007) to argue that skills have certain characteristics not usually 
associated with critical thinking, chiefly, the ability  to use the skill at any time. He 
further asserts that although it is possible for individuals to engage in critical thinking 
without training, they  may also on occasion fail to think critically, even after lengthy 
training (Willingham, 2007).  
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All of the discussion emphasizes the difficulty in analyzing thinking and trying to 
separate it into discrete categories. People simply  think  and will draw on all kinds of 
thinking in line with their cognitive skills and do not  separate thinking into neat 
categories. 
4.16  Key Features of Critical Thinking
Facione (1990b) describes critical thinking as a vital force in education and a powerful 
resource in the lives of individuals and society, which can assist in overcoming bias and 
prejudice and offers intellectual freedom and rational independence in a wide spectrum 
of issues. However, in his view, although critical thinking is the best method of arriving 
at the truth, it is not possible to do this on every occasion (Facione, 2011).   This makes 
all kinds of assumptions. It assumes that bias and prejudice can be overcome 
cognitively and that there is such a thing as truth which can be reached entirely by 
specific cognitive processes. Life experiences and concomitant attitudes will inevitably 
play a major part in this.
Siegel (1988) was of the view that critical thinking involved respect for others, as, when 
thinking critically, we must take the viewpoint of others into account and respect their 
right to disagree with our point of view. Siegel (1988) further maintained that critical 
thinking was empowering for individuals as it enabled them to be autonomous in 
selecting the way of life they felt was best suited to them. In addition, critical thinking 
enables individuals to participate fully in the democratic process and hence contributes 
to sustaining democracy.  In the same vein, Facione and Facione (1996) state that 
critical thinking is essential in the clinical and medical fields, as it assists practitioners 
in making associations between theoretical knowledge and empirical observation. 
Again, these views tend to ignore other very important factors such as intuition, 
experience and value judgement.
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In Willingham’s (2007) view, critical thinking has three main characteristics, which are 
effectiveness, novelty and self-direction. It  is effective as it helps avoid the common 
failing of seeing only  one side of an issue, reasoning from emotion instead of logic, not 
providing evidence to support statements and so forth (Willingham, 2007). It is novel in 
that it  does not  draw solely on memory to solve a problem, and it is self-directed in that 
the critical thinker is autonomous and in control (Willingham, 2007). 
Fisher (2001) and Schafersman (1994) both made lists of the key features of critical 
thinking, with many features in common. These include the recognition of problems; 
the recognition of tacit  assumptions and values; interpreting information given; 
collecting information, reasoning logically from it; making conclusions, and; testing 
these conclusions. Gabbanesch’s (2006) conception of the features of critical thinking is 
similar. He states that the recognition that the world is frequently not what it  appears to 
be is a key feature of critical thinking and can offer a way to determine reality.  
Facione (1990b) reported that  the Delphi Panel had identified six key  cognitive skills in 
critical thinking, which are interpretation; analysis; evaluation; explanation; inference, 
and; self-regulation.  According to Friedler et al (1990, p.364), the key features of 
critical thinking are “defining the problem, stating a hypothesis, designing an 
experiment, observing, collecting, analysing and interpreting data, applying the results 
and making predictions based on the results.”
Paul (1990) also mentioned clarity, relevance, and adequacy as key  features of critical 
thinking. To these, he added others, such as precision, accuracy, fairness and 
consistency (Paul, 1990). Norris (1985) summarised the key  features of critical thinking 
research, which can be seen in the table below. 
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 Critical Thinking: Summary of Research
1 Critical thinking is a complex of many considerations.
It requires individuals to assess their own and others' views, to seek alternatives, to make inferences, 
and to have the disposition to think critically.
2 Critical thinking is an educational ideal. It is not an educational option. Students have a moral right to be taught how to think critically.
3 Critical thinking ability is not widespread.
Most students do not score well on tests that measure ability to recognise assumptions, evaluate 
arguments, and
appraise inferences.
4 Critical thinking is sensitive to context.
Students' background knowledge and assumptions can strongly affect their ability to make correct 
inferences. Inferences are more likely to be correct when the context relates to the individual's 
personal experience and when performance is not associated with threats or promises.
5
Teachers should look for the 
reasoning behind students' 
conclusions.
Coming up with a correct answer may not be the result of critical thinking.
6 Simple errors may signal errors in thinking at a deeper level.
In trying to solve complex problems, for example, students may make an error not just by making a 
miscalculation but by using an incorrect approach to the problem. They should be encouraged to 
take time before solving a problem to decide how to go about finding the solution.
7 Having a critical spirit is as important as thinking critically.
The critical spirit requires one to think critically about all aspects of life and to think critically about 
one's own thinking when using critical thinking skills.
8 To think critically, one must have knowledge.
Critical thinking cannot occur in a vacuum; it requires individuals to apply what they know about 
the subject matter as well as their common sense and experience.
   Table 4.11  A Summary of Critical Thinking Research (Source: Norris, 1985: 44)
Looking at the evidence overall, critical thinking can be conceptualised in terms of 
being willing and able to ask questions of all information, arguments and insights 
offered, considering the actual content and meaning of what is given as well as the 
source of the information. In this, the new information has to be brought alongside what 
is already known and understood to explore how well it fits. 
It tends to resist bias, opinion, and assertion, while it values logic, weighing evidence, 
and looking at other possibilities. Implicitly, the critical thinker will tend to value 
evidence highly while respecting the validity of others to think differently. It does not 
permit the acceptance of any information before examining it  for potential assumptions 
or bias.
A feature of critical thinkers is that they continue to ask questions such as what is being 
asked about, when it is being asked and how and what should be said in order to arrive 
at a logical conclusion founded on the evidence, rather than opting for acceptance at 
face value what they see or hear. In addition, they accept ambiguity  and the possibility 
of alternative interpretations or perspectives, weighing up these alternatives and then 
choosing that which they conclude offers the best solution.
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Figure 4.7    Features of critical thinking (Source: author)
4.17  Characteristics of Critical Thinkers 
According to Facione (2011), a critical thinker is inquisitive and has a keen and probing 
mind and a desire for reliable information. They  also possess the following 
characteristics: “clarity in stating the question or concern; orderliness in working with 
complexity; diligence in seeking relevant information; reasonableness in selecting and 
applying criteria; care in focusing attention on the concern at hand; persistence 
through difficulties encountered, and precision to the degree permitted by the subject 
and the circumstances” (Facione, 2011, p.11). 
Ennis (1993) lists the following as characteristics of critical thinkers:
❖ The ability to evaluate the credibility of sources;
❖ The ability to identify assumptions, rationales and conclusions;
❖ The ability to evaluate an argument’s quality;
❖ The ability to develop and defend a stance on any issue;
❖ The ability to ask apt questions;
❖ The ability to plan experiments;
❖ The ability to define terms in a manner which is suitable to the context.
❖ Open-mindedness and the ability to see others’ views;
❖ Attempting to be well-informed;
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❖ The ability to draw cautious conclusions. 
Facione and Facione’s (1996) conception of the characteristics of critical thinkers are 
very similar, as they state that  critical thinkers are open-minded, seek the truth, are 
systematic and analytical, mature, inquisitive and self-confident.  According to Norris 
(1985, p.40), “Students need more than the ability to be better observers; they must 
know how to apply everything they already know and feel, to evaluate their own 
thinking, and, especially, to change their behaviour as a result of thinking critically.” In 
addition, Norris (1992) argues that a disposition towards thinking critically is not simply 
a question of a desire or tendency towards critical thinking, but involves acquiring the 
habit of making use of particular abilities.
Similarly, for Ennis (1989, p.11), a disposition towards critical thinking involves having 
a “critical spirit”.  Facione (2011, p.10) argues that the term “critical spirit” is used in a 
positive sense when indicating an individual who has an enquiring mind and a desire to 
find reliable information. According to Nisbet (1990), the ability to think critically  is not 
sufficient; an individual must also be disposed towards its use in solving problems and 
making decisions in daily life.  In this respect, Fisher (2001) points out that it is possible 
for an individual to have the ability to think critically  but to choose not employ his or 
her critical thinking skills on certain occasions, or perhaps on many occasions. Facione 
(1990b) also refers to an individual’s sense of morality, in terms of using critical 
thinking in an ethical manner. 
4.18  Conclusion
From this chapter, it is apparent that there is no single, agreed-upon definition of critical 
thinking, as it has been regarded from a number of different viewpoints by scholars in 
various fields. Table 4.12 (overleaf) illustrates the development of some ideas 
chronologically.
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Source Key Points Comment
Ennis (1981) Bloom’s levels not hierarchical. Levels of analysis, synthesis and evaluation in Bloom’s taxonomy are independent.
Lipman (1988) supported by evidence In critical thinking, opinions are supported by evidence, but in simple thinking they are not.
Norris and Ennis (1989)
reasonable Critical thinking focuses on making decisions as to what action to take or what belief 
to hold.  reflective
McPeck (1990)
attitude
Some knowledge of the field is required for critical thinking.
sceptical reflection
Facione(1990b)
Delphi Panel 
purposeful
Judgement based on evidence, concept, method, criteria and context.
self-regulatory
Paul (1990)
weak sense If critical thinking focuses on interests of one individual or group, it is weak sense, but 
if it focuses on interests of diverse individuals or groups, it is strong sense.strong sense
Assaid (1995)
infer
Critical thinking is the result of cognitive and personal skills.
deduce
Paul (1993)
structures
Critical thinking can be about any subject content or problem.
intellectual standards
Ennis (1993)
reasonable Critical thinking focuses on making decisions as to what action to take or what belief 
to hold.  reflective
Fisher and Scriven
(1997)
interpretation
Critical thinking must meet criteria of relevance, rationality and coherence.
evaluation
Al Masree (2003)
cause and effect
Critical thinking needs an exact, accurate and objective interpretation.
without bias or prejudice
Keesing (2003) reflective social practice Critical thinking is associated with social transformation.
Ganem (2004)
learn To think critically it is necessary to evaluate information, check opinions and take all 
points of view into account.practise
Kong (2005)
purposeful
Many definitions of critical thinking have themes in common. 
self-regulatory
Willingham (2007)
open to new evidence
In critical thinking it is necessary to see all sides of an issue or argument.deduce
infer
Facione (2009)
purposeful Critical thinking takes into account in a rational manner, evidence, context, methods 
and criteria. self-regulatory
Note
The researcher found that definitions of critical thinking differed according to the field of the theorist (e.g. 
philosophy, education and so forth). They also discussed different cognitive skills according to their various 
disciplines; for example, Paul (1993) discussed conceptualisation, application, analysis and evaluation, whereas 
Facione (1990b) considered interpretation, analysis, evaluation, explanation, self-regulation and inference. 
(Interpretation: this intellectual skill indicates the ability of the individual to abstract the signification, i.e. concepts, 
and to clarify meaning, given data, or procedures. Analysis: this includes scrutinising opinions, discovering 
arguments and analysing them, identifying relationships between statements, concepts and qualities. Evaluation: 
This encompasses the evaluation of claims, arguments, and the credibility of statements, or the strength of implied or 
actual relationships between these statements. Inferences: This incorporates investigating the evidence, identifying 
the alternatives and determining the elements needed to reach conclusions. Explanation: This entails announcing the 
results, justifying the procedures, and presenting arguments and proof, following logical methods. Self-regulation: 
This requires assessing and correcting oneself, even if that entails correcting one's thoughts or results.
Ennis (1987) discussed other skills such as analysing arguments, judging the credibility of sources, identifying 
assumptions and decision-making. These skills are fundamental skills in reasoning, making judgments and 
information processing.  However, these definitions and statements indicate that critical thinking is a very important 
kind of thinking required in schools today. In addition, it is very purposeful thinking and differs from other kinds of 
thinking and problem solving, although there are common elements among them, such as decision-making, making 
judgments and problem solving which require previous knowledge to carry out. 
Table 4.12    Chronological Summary of Key Ideas (Source: Author) 
In recent years, the concept of thinking skills in general and of critical thinking skills in 
particular, have come to assume increasing importance in education. The way in which 
teaching is viewed in developed countries has changed, and education is currently seen 
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as a process of teaching learners how to think for themselves.   In this respect, Saudi 
Arabia, as a developing country in an increasingly globalised economy, is under 
pressure to keep pace with the developed countries in term of education. 
The fundamental problem is that, while many argue for critical thinking in school 
education, there is still a lack of clarity of what is meant by  critical thinking, almost no 
accepted way forward to measure it and a lack of evidence on how to develop the skills.
Norris (1985) sees critical thinking as an integral part of education and rejects rote 
learning, for a long time the norm in many  countries, including Saudi Arabia, as 
insufficient (Norris, 1985). 
The concept of critical thinking is not a new one and may be traced as far back as 
Socrates, with Dewey (1910), Glaser (1941) in the early 1940s, and Ennis (1962) 
making major contributions. In 1990, the US Delphi Conference brought together 46 
experts from fields such as psychology, sociology, and education to discuss critical 
thinking. 
Many (e.g. Norris, 1985; Ghanem, 2004; Guttami, 2005) have argued for the 
importance of critical thinking but, while there are many lists of critical thinking skills 
in the literature, there is virtually  nothing on how to develop these skills successfully 
with learners. Further, there is debate among scholars and practitioners as to whether 
attempts should be made to teach critical thinking skills as a separate subject in schools, 
whether it should be domain-specific, that is, taught within the context of particular 
subjects, or whether a combination of these approaches should be taken. 
There are other issues.  There is no evidence in the literature which explores how to 
teach critical thinking skills in an educational setting where there is an overcrowded 
curriculum and an examination system where the rewards come mainly  from recalling 
information. In this respect, Guttami (2005) notes that there is no guarantee that 
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students will think critically  even if they are aware of how to do so if they do not 
perceive any reward to themselves, e.g. in terms of higher examination marks, in doing 
so. 
One of the problems is how to measure critical thinking in that mental processes cannot 
be observed. Thus critical thinking is often conceptualized in terms of sets of skills 
which can be observed (Bailin, 2002), the products of critical thinking (Hofreiter, 2005). 
There are major issues with the development of tests and how to interpret outcomes 
(Norris, 1989). Issues surrounding validity  are critical as well as reliability (Williams, 
1999). The use of multiple choice and questionnaires (often used in the Middle East) 
has not proved helpful.
While critical thinking is intertwined with other types of thinking such as creative 
thinking, scientific thinking and deductive thinking, it possesses certain characteristics 
that distinguishes it  from these other types (Facione, 2011) but there is still much 
confusion in the literature.
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Chapter 5
Attitudes
5.1  Introduction
Up to four decades ago, research in education mainly emphasised educational goals in 
the cognitive field, that  is, in the field of mental activity. However, since the mid-1970s, 
there has been a growing interest in the role of attitudes in education and a great deal of 
research has been carried out on this subject.  In this regard, Choppin and Frankel 
(1976) stated “It is almost universally acknowledged that educational objectives in the 
affective domain - those relating with attitudes, interests and values - are of great 
importance.” Since that time, there have been many changes in research into attitude in 
education.
In terms of science education specifically, Hadden and Johnstone (1982; 1983a; 1983b) 
observed that, while many  children are very interested in science when they start school, 
science instruction is often carried out in such a way  as to make them lose interest in it 
and thus their attitude to science changes from a positive one to a negative one.  
According to Stainton et al (1995), for many years there have been attempts, by 
psychologists and others, to answer four basic questions: 
“ (1) Where do attitudes come from? How are they moulded and formed in the first place?
(2) How and why do attitudes change? What forces are involved and what mechanisms 
operate when people shift in their opinion about a particular ‘attitude object’?
(3) How can attitudes be measured?
(4) How do attitudes relate to behaviour? What is it that links the way people think and 
feel about an attitude object, and what do they do about it?”
Reid (2003) noted that  attitudes are developed in an attempt to make sense of ourselves, 
the world around us, and of relationships. In a sense, they  define who we are and how 
we relate to the world around us.  Chu (2008) defined attitude succinctly as “a core 
human individuality”.
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5.2  Definitions of Attitude
There are many definitions of attitudes, as it is an important element in all subjects in 
education, as well as in daily life in general.  Ali (2008) notes that the definition of 
attitude has changed over the years. One of the earliest definitions of attitude came from 
Thurstone (1928), who viewed attitudes as “the affect for or against a psychological 
object’, while Likert (1932) saw them as “a certain range within which responses 
move”.  Allport  (1935) defined attitudes as “a mental and neural state of readiness to 
respond, organised through experience, exerting a directive and/or dynamic influence 
on behaviour” (p.820).  Ali (2008) notes that Thurstone’s (1928) definition stresses the 
affective element of attitude while that of Likert (1932) emphasises behaviour, and 
Allport’s focus was on attitude as a predisposition towards a certain type of action or 
behaviour.
Allport’s (1935) definition was highly influential with many scholars and researchers 
who came after him, such as Krech and Crutchfield (1948), Doob (1947), Katz and 
Sarnoff (1954) and Osgood et al (1957).  Following on from this, Rhine’s (1958) 
definition of attitude was of a “concept with an evaluative dimension” (p.364). 
Expanding on this, Rokeach (1968) defined attitude as “A learned orientation or 
disposition towards an object which provides a tendency to respond favourably or 
unfavourably to the object or situation.” It can, therefore, be seen that attitudes concern 
more than a cognitive element. In this regard, Reid (2006b) suggests that what makes an 
attitude different from other latent constructs is the fact that it comprises an evaluative 
dimension.  Reid (2003, p 32) further suggests that attitudes “...express our evaluation 
of something or someone.  They may be based on our knowledge, our feelings and our 
behaviour and they may influence future behaviour.”
Indeed, Johnstone and Reid (1981) noted that three principal elements should be 
included in any  definition of attitude: cognitive, affective and behavioural. Similarly, 
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Oppenheim (1992) offered a definition of attitude which comprised all these elements: 
he stated that attitudes were “a state of readiness or a predisposition to respond in a 
certain manner when confronted with certain stimuli ... attitudes are reinforced by 
beliefs (the cognitive component), often attract strong feelings (the emotional 
component), which may lead to particular behavourial intents (the action tendency 
component).”   Ali (2008) states that this definition emphasises the importance of 
viewing attitudes as a mixture of knowledge, feelings, and experiences or behaviour.
Figure 5.1    Components of Attitudes
Eagly and Chaiken (1993, p.1) stressed the evaluative aspect of attitudes and, on this 
basis, defined attitude as “a psychological tendency that is expressed by evaluating a 
particular entity with some degree of favor or disfavor”. In this respect, Ali (2008) 
points out  that the cognitive aspect of attitude is not sufficient in itself to form the 
attitude and that attitude cannot be formed until evaluation takes place; this evaluation 
inevitably involves experiences and feelings.
Every  attitude must have an object or target and Eagly and Chaiken  (1993) state that 
these attitude objects are perceived through a variety  of stimuli. Hence, their definition 
focuses on evaluation, and the nature of attitudes as involving knowledge, feeling and 
experience (Onwumere, 2009). However, although Reid (1978) stated that attitude 
comprises these three dimensions (cognitive, affective and behavioural), he also pointed 
out that these may not be of equal importance in the formation of all attitudes. Reid 
(1978) developed a model to describe attitude, which is illustrated below (Figure 5.2).
Attitudes
Involve
Cognitive
Affective
Behavioural
{
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Figure 5.2   Attitude Definition (after Reid, 1978)
In summary, according to Reid (2003) and Eagly  and Chaiken (1993), individuals, in 
developing an attitude, essentially evaluate another individual or group, an event, or an 
object through cognitive, affective and behavioural dimensions (Al-Gharibi, 2009). The 
uni-dimensional models of attitude, such as that of Petty and Cacioppo (1981), regard 
the affective component of attitude as the only valid indicator of the disposition towards 
the object of the attitude. By contrast, most researchers in the field of psychology, such 
as Bagozzi and Burnkrant (1979) and McGuire (1985), agree that attitudes are multi-
dimensional, composed of cognitive, affective and behavioural components, but that 
these are likely to be interrelated rather than independent factors. 
The cognitive aspect  of attitude consists of knowledge or beliefs concerning the object of the 
attitude (Chu, 2008). It involves the knowledge that  is required before an evaluation can be 
made (Onwumere, 2009). Cognitive aspect formation can come through direct experience, 
such as a lesson in school, or through indirect experience, such as a television programme 
(Chu, 2008). An individual who makes a favourable evaluation of a subject  is likely to 
associate it with positive characteristics, while the opposite also pertains (Chu, 2008).
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The affective dimension of attitude refers to the individual’s feelings and emotions towards 
the object (Chu, 2008).  Hence, affective processes occur when the individual experiences 
moods or feelings such as anger, desire and so forth (Chu, 2008).  As it  is evaluative, an 
attitude must  include some element  of liking or disliking, which clearly is of an affective 
nature (Onwumere, 2009). Therefore, an individual who has a favourable evaluation of an 
object is likely to experience a positive reaction towards it, and vice versa (Chu, 2008).   
The behavioural component of attitude is also known as the conative or action tendency 
component  (Bagozzi,1978).  Behaviour can be considered as forming attitude, as the 
evaluation of an attitude can be built  on past  behaviour (Bem,1972). Moreover, experience of 
the behaviour of others and one’s own behaviour also has a significant effect  on attitude 
(Onwumere, 2009).  In this respect, Alenezi (2008) states that as attitudes are learned, they 
can develop as individuals develop and, through interaction with others, receive new inputs 
of cognitive, affective or behavioural directions. Hence, it should be borne in mind that 
learners’ attitudes will develop whether this is the intention of the teacher or not (Alenezi, 
2008).  Indeed, Reid (2006a) notes that  children may well have developed attitudes towards 
school subjects such as science even before beginning their formal education in school. 
Figure 5.3    Attitudes as Latent Variables (Source: Author)
With regard to attitudes and behaviour, Ajzen (1985) developed his Theory  of Planned 
Behaviour as an extension of the Theory of Reasoned Action developed by Fishbein and 
Ajzen (1976).  This latter theory holds that an individual’s behavioural intention can be 
predicted by knowledge of the individual’s attitude towards the behaviour and his/her 
subjective norm. 
Attitude towards behaviour refers to the individual’s evaluations, which may be positive 
or negative, about engaging in particular behaviour.  The subjective norm refers to how 
Latent 
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Behavioural
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A belief or 
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the individual perceives social pressures to engage in or not to engage in certain 
behaviour.  Ajzen’s (1985) Theory of Planned Behaviour extends this by suggesting an 
explanation for behaviour that is under the control of the individual.  Hence, Ajzen’s 
(1985) concept of perceived behavioural control refers to an individual’s belief as to 
how easy or difficult  it will be to behave in a certain manner and the extent to which he/
she believes that performance of this behaviour will be made complex by such internal 
factors as skill, ability  and knowledge, as well as by external factors such as 
opportunity, lack of time or money and the behaviour of other people. A summary of the 
theory of planned behaviour is shown in Figure 5.4. 
       Figure 5.4   The Theory of Planned Behaviour  (Source: Skryabina, 2000).
In the Theory of Planned Behaviour (which is now well supported: see Skryabina, 
2000), one factor influencing behaviour is the attitude towards that behaviour. This is 
the way the individual evaluates the behaviour. Thus, if attitudes are to be measured 
using some observation of external behaviour, it is essential to reduce the impact of the 
other two factors: subjective norm and perceived behaviour control. This will be 
considered later.
According to Zanna and Rempe (1988), it is possible that an attitude may be formed 
through a combination of cognitive, affective and behavioural factors, or through only 
one of these. However, Chaiken and Stangor (1987) and Eagly and Chaiken’s (1993) 
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reviews of empirical research found no conclusive evidence to support either the uni-
dimensional or multi-dimensional models of attitude.   
One issue which arises in the literature on attitude is that different writers use different 
terms interchangeably, without clarifying the distinctions between them. These terms 
include ‘attitudes’, ‘beliefs’, ‘opinions’ and ‘perceptions’.  Oraif (2007) tried to resolve 
the confusion by developing an attitude hierarchy (Figure 5.5), although this could be 
considered as being rather over simplified.  
Figure 5.5  Analysis of words associated with attitude (after Oraif, 2007).
The key feature in the Oraif analysis is that an attitude involves a small group of beliefs, 
all these beliefs being related to the attitude object. For example, the school student may 
have developed all kinds of beliefs (through knowledge and experience) relating to, say, 
biology: the course is irrelevant to my  needs; laboratories are boring, badly organised, 
and irrelevant; the teacher is knowledgeable but does not understand me well; the 
teacher makes it too hard and does not explain well; the text-book is unclear and badly 
presented; the examinations simply test recall of facts; and so on.  All these generate a 
Worldview
Values
Attitudes
Beliefs
Knowledge
brought together holistically will give a ….
in constellations give rise to ….
when in small groups can form ….
when evaluated can lead to ….
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negative attitude towards biology. The key thing to note is that an attitude is highly 
multi-dimensional and involves a set of beliefs. Thus, an attitude cannot be reduced to a 
number or to a score. 
One common feature in all the research on attitudes is that attitudes are powerful in 
determining actions. They can be described as underpinning readiness to react. This is 
why they are so important, for negative attitudes may well lead to negative behaviour. 
Thus, the negative attitude towards biology described above may well lead to a failure 
to work in biology eventually leading to failure to pass examinations.
In the context of critical thinking, attitudes may also be important. The person has to be 
willing to think critically  and this may depend on how critical thinking is evaluated. If 
thinking this way generates intellectual confusion or does not  help  in passing 
examinations, then the attitude of the learner towards critical thinking may well be 
negative. 
5.3 The Importance of Attitude
Reid (2006a) highlighted the importance of developing students’ attitudes in a positive 
direction, pointing out that students will inevitably develop  attitudes, even if teachers do 
not take them into account. Attitudes are significant, as they cannot be separated from 
study and students who have difficulty  in a subject may come to believe that they 
cannot succeed in it and will therefore stop attempting to learn in that subject (ibid). 
Reid (2006a, p.33) suggested that attitudes permit us to, 
“(a) Make sense of ourselves;
(b) Make sense of the world around us;
(c) Make sense of relationships.”
117
Chapter 5
In this respect, Bohner and Wanke (2002) state that at  the individual level, attitudes 
affect perception, thinking and behaviour and, therefore, make a significant contribution 
to an individual’s psychological characteristics. In terms of what  Reid (2006a, p.33) 
calls “making sense of the world around us”, Bohner and Wanke (2002) assert that if we 
know the attitudes of others, the world around us becomes more predictable. Similarly, 
an individual’s attitude towards his/her own group and towards the groups of others 
gives rise to co-operation and conflicts between social groups (Bohner and Wanke, 
2002).
The importance of attitude was recognised long ago.  Allport (1935) considered the 
concept of attitude as “the most distinctive and indispensable concept in contemporary 
American social psychology”. Indeed, Eagly and Chaiken (1993) report that other 
writers have gone so far as to define social psychology as the study of attitudes.  
One reason for the importance of attitudes is that they can have a profound effect on 
behaviour (Ajzen and Fishbein, 1980).  Hence, it is likely  that an individual’s attitude 
towards an object will play a significant part in the acquisition of knowledge (Al-Hmali, 
2007). The strength of an individual’s attitude towards the object can be attributed to the 
amount of information he/she has about it and its personal importance to him/her (Petty 
and Krosnick, 1995).  Hence, according to Petty and Krosnick (1995), the greater the 
importance an individual gives to attitude, the more probable it is that the attitude will 
be durable, resist change, and have a strong effect on thought and action. 
In this respect, Alenezi (2008) states that  attitude controls an individual’s perceptions, 
behaviour and reactions and this may  influence his/her evaluations and decisions. In 
terms of education, a student will gain knowledge of a subject and at the time form an 
attitude towards it which may  be negative or positive (Alenezi, 2008).  If the attitude 
thus formed is negative, then it  is likely the student will not wish to continue studying 
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this subject (ibid).  However, it  should be noted that attitude towards a subject is formed 
by a number of factors and does not involve only the subject matter per se.  Other 
factors which are involved include feelings towards the teacher of the subject, the 
classroom environment, the curriculum and even the classmates. These feelings, which 
can be positive or negative, combine to form the overall attitude towards the subject and 
to influence the desire of the student to continue studying the subject or not. 
 
5.4  Attitudes in Science Education
Many years ago, Ramsey and Howe (1969) made the astute observation that a student’s 
attitude towards science may be even more important than his/her knowledge of the 
subject per se, as this attitude will determine how his/her scientific knowledge will be 
used and whether he/she will wish to continue studying the subject or not. “As the 
details of scientific formulae fall away in the months and years after school, it seems 
likely that the crucial deposits of science and technology education are to do with 
attitudes, approaches and even values” (King, 1989, p.51).
In this respect, Hadden and Johnstone (1982; 1983a,b) argue that although many 
children have a strong interest in science when they  begin school, their experiences of 
learning science in school may lead them to feel that science is difficult  and tedious. 
Hence, encouraging positive attitudes in relation to students’ understanding in science is 
an integral part  of science education (Johnstone and Reid, 1981).  As Allport (1961) 
noted, if the values of science are not taught in a school, then it is likely  that students 
will either be unaware of them or will refute them.  However, Khan and Weiss (1973) 
stated that it may not be possible to offer an education if there is no interaction between 
the students and the teacher. Suzuki (2007) reports that science teachers frequently 
focus only on imparting knowledge of the subject to their students, with little or no 
mention of the significance or application of biology in daily life. Further, according to 
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Suzuki (2007), in Japan, many students question the purpose of learning science, while 
many teachers focus only on completing the textbook in the allotted time.  
According to Ali (2008), the main objective of science teachers is not  to try to make all 
his or her students enter scientific careers, as this would be impractical and, indeed, 
undesirable. Rather, a science teacher should try to develop students’ skills in making 
sense of themselves and of life, give them an appreciation of the role of science in 
contemporary  society, and encourage them to relate their scientific studies to culture, 
society and lifestyle. Indeed, many researchers (e.g. Reid and Skryabina, 2002a; 
Germann, 1988) have found that teachers and their methods of instruction play a very 
important part in forming students’ attitudes towards science.
In this regard, Perrott (1982) reviewed a number of research projects (Ryan, 1960; 
Flanders, 1970; Roshenshin and Furst, 1973) and summed up  the features of teachers 
who are able to encourage a positive attitude to learning. These features are a clear, 
straightforward, task-oriented cognitive organisation; the use of a variety  of 
instructional materials and procedures; involving the students in experimentation and 
using visual aids (Perrott, 1982). Conversely, she found that students’ interest was not 
aroused by teacher-centred instructional techniques like rote learning (Perrott, 1982). 
If learners are to develop  critical thinking skills, then there must be positive attitudes 
towards the use of such skills, even though the learners may not be able to describe 
them as ‘critical thinking skills’. In this, the role of the teacher will be important. If the 
teacher does not value critical thinking, then it is unlikely that it will be encouraged in 
the learners. One of the key reasons why teachers may not hold very  positive attitudes 
towards critical thinking lies in the fact that their own success did not involve critical 
thinking and they  see no rewards for their students by developing such skills.  Attitudes 
are important.
120
Chapter 5
However, there remains the question of how best to encourage this positive attitude 
towards science in pupils and this is a major concern to science educators (Jung and 
Reid, 2009).  Reid (2003) identifies three principal areas where attitude development is 
important (Figure 5.6).  
Figure 5.6   Attitude Targets in Education (Source: after Reid, 2003)
It is clear that if pupils have no interest in the subject it  is unlikely that they will be 
motivated to learn (Reid, 2003). There has been a great  deal of research on attitudes to 
subjects such as physics (e.g. Reid and Skryabina, 2002a, 2002b). 
Students develop attitudes towards themes and topics which they  study through their 
experience of learning science.  For instance, students will develop attitudes towards the 
chemical industry as they  learn about the chemical industry and an understanding of 
genetics may lead to the development of genetic engineering. This holds true for any 
topic (Reid, 2003).
It is also necessary to study  attitudes towards learning the skills required for effective 
learning.  Students must develop  a critical understanding of the nature of knowledge 
and how it is acquired, of how to approach study successfully, about learning as a life-
long process and so forth (Reid, 2003). In this respect, Perry’s (1999) innovative work 
with university  students has defined a language and an agenda. This is a key area where 
much work has been conducted. Perry  explored how students saw knowledge, how they 
saw their role as learners and how they  saw assessment. Critical thinking is a vital 
component in all of this and will influence attitudes to learning as well as be influenced 
by attitudes towards learning
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  Figure 5.7   Attitude as a latent construct (After Eagly and Chaiken,1993.)
Alenezi (2008) argued that, although attitudes are often stable, they may nonetheless 
change over time. They can be changed by many influences outside school, such as 
relatives, friends, any  type of media and even religion (Alenezi, 2008). Brossand, 
Levenstein and Bonney (2005) reported on a study of changes in learners’ attitudes in 
relation to a ‘citizen science’ project  and noted little change in learners’ attitudes as a 
result of the project. This confirmed the findings of Reid and Skryabina (2002a) that 
school pupils and university students did not seem to be influenced by events outside 
the classroom learning routine. They found that the key  factors influencing their 
attitudes towards physics lay  in how the learners saw their teachers and the quality  of 
their learning experiences.
Reid (2006a) points out that attitudes to science are very important in that they can have 
an impact on subsequent behaviour. Hence, it is very likely that attitudes towards the 
sciences developed at school will persist into adulthood and play a significant part in 
various patterns of behaviour.  Negative attitudes may well have negative effects at 
personal, social and even national levels (Reid, 2006b).  Gardner (1983, p.2) stated that 
“We live in a golden age of science and technology, an age of space walks, satellite 
communication and amazing advances in computing, in medicine and in chemistry. But if 
we examine the findings reported in the international science literature on students’ 
interests in science, we cannot yet claim that the golden age of science education has 
arrived.”  
The role of thinking that can be developed in the context of the science subjects is 
important. 
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However, it should be noted that attitude is a latent construct that may be inferred by taking 
the observed stimuli and evaluative responses into consideration (Jung and Reid, 2009)
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Reid (2006a) notes that there are four broad areas in which attitudes in relation to 
students may be explored. These are the following:
“ (a) Attitudes towards subjects being studied;
(b) Attitudes towards study itself;
(c) Attitudes towards the implications arising from themes being studied;
(d) The so-called scientific attitude.” (Reid, 2006a, p.33).
Figure 5.8   Exploration of attitudes in relation to students (adapted from Reid, 2006a)
Critical thinking may be an integral part of the broad area encompassed by attitudes to 
learning.
5.5  Critical Thinking Instruction and Attitude
Guttami (2005) makes the point that teaching the rules of sound thinking and its 
patterns is one thing, but actually practising this thinking is quite another: there is no 
guarantee that students will choose to think critically. Indeed, if there are no rewards 
(such as examination marks), then critical thinking may well not be practised.
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There is an attitudinal element to all this. Learners need to see the purpose of thinking 
critically  and be willing to work that way.  Paul (1990) and Kafafi (2000) describe the 
neglect of the attitudinal as ‘Weak Sense Thinking’.  In order to shift from thinking in 
the weak sense to thinking in the strong sense, attention should be given to emotions, 
values and moral orientations that govern the students’ behaviour. Some features of 
these more attitudinal aspects are illustrated in table 5.1.
Independent Thinking Students are willing to think without seeking to conform, please their elders, seek reward, or out of fear of punishments and reject unhesitatingly what is not convincing to them
Mental Exploration This is a willingness to be curious and to be constantly searching for convincing answers to important questions
Intellectual Courage The students need a significant amount of courage and honesty to accept that they may be wrong and to accept the correct opinion irrespective of who holds it.
Intellectual Perception A willingness to see things from the perspectives of others and being less critical of others for their adherence to certain opinions or adoption of particular attitudes
Mental Objectivity A willingness to apply the same criteria relating to proof and evidence to themselves as well as to others holding opinions different to theirs, almost a willingness to be self-critical
Mental Perseverance A willingness to expend the mental effort to grapple with issues and to search for ways forward despite difficulties and frustrations
Mental Confidence
This involves an awareness of the way the mind is capable of considering issues and a 
confidence to tackle issues even when the insights are not obvious at the outset: almost self-
belief
Intellectual Integrity A willingness to deal with viewpoints and opinions with objectivity and neutrality, while controlling personal emotions, and preconceptions
Table 5.1    Some Attitudinal Aspects of Critical Thinking
(Source: Author after Paul, 1990; Kafafi, 2000).
Paul (1990: 33) conceives of critical thinking as including “disciplined, self-directed 
thinking” and states that there is “weak sense” and “strong sense” critical thinking.  He 
further states that if the thinking is “disciplined to serve the interests of a particular 
individual or group, to the exclusion of other relevant persons and groups”, then it is 
“weak sense” or “sophistic” critical thinking (Paul, 1990: 33).  However, if thinking is 
disciplined to consider the interests of various persons, or groups, this is what Paul 
(1990: 33) calls “strong sense” or “fairminded” critical thinking.  Paul (1990) further 
contends that those who learn to think critically  have the ability  to question themselves, 
the ability to reconstruct the arguments of points of view opposed to their own, and the 
ability  to reason dialectically in order to discover weaknesses in their own point of view 
and strengths in an opposing point of view. This requires a measure of intellectual 
security and confidence, often related to attitudes on the nature of knowledge.
124
Chapter 5
While Paul (1990) describes strong critical thinkers as being aware of their own 
preconceptions and misconceptions, Facione (2011) characterises the weak critical 
thinker as someone who is inflexible, does not reconsider his/her opinions, and is unable 
or unwilling to see others’ point of view. Weak critical thinkers, therefore, have a 
tendency to apply  unreasonable criteria and are disorganised and overly simplistic in 
their thinking (Facione, 2011). However, Facione (2011) suggests that it is something of 
a misnomer to talk of strong and weak critical thinkers, and that it would be more 
logical to say that someone was either a critical thinker or was not a critical thinker. 
Overall, while it  is important to appreciate that there are attitudinal dimensions to 
critical thinking, the argument of Facione is correct: we either think critically or we do 
not.
According to Carroll (2004), the salient characteristics of a critical thinker’s attitude are 
open-mindedness and scepticism. This implies that a critical thinker will consider 
viewpoints which are different from his/hers, while at the same time he/she will 
recognise claims which are not worth investigating further (Carroll, 2004). Carroll 
(2004) argues that open-mindedness does not mean only listening or reading opinions 
which are different from one’s own, but also having the ability  to accept that we may 
have been mistaken or have overlooked a relevant point.  While this is comparatively 
easy when trivial things are involved, it can be difficult to be open-minded about 
matters which are important to us or about opinions that have become ingrained in us 
over time (Carroll, 2004).
Carroll (2004) states that one way of overcoming a tendency to be closed-minded on 
important issues is “to commit oneself to search for the most reasonable beliefs and the 
reasonable beliefs and the most reasonable ways to act” (p.4). This is strongly 
attitudinal in character. However, Carroll (2004) also points out that critical thinkers 
must remain open-minded while at the same time cultivating a healthy scepticism. He 
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points out that too little scepticism may lead to gullibility while too much may lead to 
doubting everything and being committed to nothing. In sum, critical thinkers must 
always look for evidence before accepting any knowledge or information; if that 
evidence is used, the knowledge or information can be used in other circumstances. 
5.6  The Measurement of Attitudes
It is necessary to measure attitudes, due to their importance in the education process 
(Alenezi, 2008). Reid (2006b) emphasises the importance of attitude measurement and 
states that it  “must be able to offer an accurate and valid picture of learner attitude to 
some specific aspect of the learning in a science subject.” However, it is no easy  task to 
examine them as they  are by their nature intangible (Alenezi, 2008). Therefore, attitudes 
must be measured indirectly and Henderson et al. (1987) claim that the only way to do 
this is by observation of words and actions.  However, as Reid (2006b) points out, it 
must be recognised that it is not possible to measure an individual’s attitude with any 
degree of certainty; it is possible only to compare the pattern of beliefs of one group to 
the pattern of another group.  In other words, the attitude of groups can be measured and 
the data used to compare between groups or to compare the attitudes of the same groups 
at different times.
Suzuki (2007) notes that attitude measurement depends on the analysis of answers to 
interviews or written tests.  However, measuring attitudes can be problematic because of 
the different definitions of what attitudes are (Suzuki, 2007). In this respect, Johnstone 
and Reid (1981) observe that  the attitude itself might be defined by the outcomes of 
measurement.  However, as Rickwood (1984) points out, it is difficult to produce a clear 
conceptual foundation if there are a variety of views on the nature of attitude. 
There are a number of techniques that can be used to measure attitude and, many 
decades ago, Cook and Sllitz  (1964) listed five of these: self-report (questionnaire); 
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observation of obvious behaviour; partially-structured stimuli such as projective tests; 
performance of tasks, and; physiological tests. Questionnaires and interviews can be 
classed as direct approaches, while an indirect approach refers to one in which data are 
deduced from a set of indirect  observations (Suzuki, 2007).  The questionnaire is one of 
the most widely-used instruments of measurement; however, it is doubtful whether it 
can be entirely accurate when measuring an attitude (Ali, 2008).
Oppenheim (1992, p. 100) states that a questionnaire is “an important instrument of 
research, a tool for data collection ... it can be considered as a set of questions 
arranged in a certain order and constructed according to special rules. The 
questionnaire has a job to do: its function is measurement.” However, Reid (1978) 
observes that, “even if a person replies honestly, both consciously and subconsciously, 
there is no guarantee that his replies will be valid when he is placed in any particular 
situation relating to his expressed attitudes.” 
There are two kinds of questions that may form part  of any questionnaire: open-ended 
and closed-ended. Oppenheim (1992, p. 112) described the former as those which “are 
not followed by any kind of choice and the answers have to be recorded in full.”  This 
kind is easy to set, but difficult to correct  and quantify. On the other hand, closed-ended 
questions may be harder to set but easier to analyse (Alenezi, 2008). 
Reid (2003) notes that there are a number of important points which must be borne in 
mind when constructing a questionnaire. One is that the object of the attitude must be 
specified and the questionnaire should clearly  reflect what the researcher is seeking to 
investigate in each question. Another point is that the language used in the questions 
must be clear, unambiguous and simple to understand. It is also important to use a 
technique that can reflect the evaluative nature of the respondent’s attitude towards a 
particular subject. Moreover, the constructor of a questionnaire must take great care that 
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the methods used for measuring attitude are valid and reliable. It is useful to ask other 
researchers check the test and also very useful to apply  this test to a small group to 
discover many things such as whether the questions are easy  or difficult and how long it 
takes to do the test.  It  is also important to ensure that the timing of the test is 
appropriate. 
One very  important aspect to be borne in mind when developing and administering a 
questionnaire is the ethical aspect. In this respect, Cohen et al. (2002), outlined a code 
of ethics. One important element of this was voluntarism, meaning that respondents 
must complete questionnaires of their own free will, without any pressure being put on 
them to do so. 
Reid (2003) summarised the process of developing questions:
 Figure 5.9    Developing a questionnaire (from Reid, 2003, p.41)
There are a number of methods that can be used to offer insights into how students’ 
attitudes to learning can be monitored (Alenezi, 2008). These are rating methods, 
interviews, the Thurstone method, the Likert method and the semantic differential 
(Alenezi, 2008). 
Thurstone (1928) was the first  to introduce the use of attitude questionnaires and 
develop a method involving a series of steps.  These are the following:
“(1) Specification of attitude variables
(2)  Collection of a wide range (200) of statements and opinions related to attitude.
Gather 
Ideas
Select 
Ideas
Pre-test
Apply
Decide 
question 
styles
Set your 
aims AnalyseQ
128
Chapter 5
(3)  Editing these to give about 100 statements judged to be relevant, valid and covering 
a wide range of opinion, including neutral positions, to the attitude variable.
(4)  About 300 judges are asked to sort the statements into 11 piles from “anti” position 
to “pro” position, pile 6 being neutral.
(5)  Analysis of these judgements.
(6)  Elimination of statements because they have wide ranges in the judgement, or are 
irrelevant.
(7)  Selection of 20 statements along the scale 1-11
(8)  Each person tested is asked to mark those items with which he agrees,
(9)  The score for each person is the average scale value of all the statements he has 
endorsed.” 
(Reid, 1978)
It is clear that Thurstone’s method was time-consuming and required the participation of 
many people; it  is rarely used today, but  is important in that it led the way for the 
development of other ways to measure attitude (Suzuki, 2007). 
Likert’s (1932) method of measuring attitudes, beliefs, preferences, behaviours and 
affective reactions is still widely-used today (Alenezi, 2008).  It eliminates the role of 
judges used in Thurstone’s (1928) method and permits respondents to put themselves on 
the evaluative scale according to the level of their preferences towards the object of 
attitude (Onwumere, 2009).  Likert’s (1932) method consists of a series of statements 
and it  measures the extent to which the respondent agrees or disagrees with each 
statement.
An example illustrating this approach is shown below. 
Here are some things about science.
Please tick one box on each line to show your opinion
 strongly agree not sure disagree strongly
 agree    disagree
 Science teaches me a good way to think! ! ! ! ! 
 I do not believe anything before I have evidence! ! ! ! ! 
 I accept that what my science teacher tells me is correct! ! ! ! ! 
 I like to question everything I am taught! ! ! ! ! 
 TV is very accurate as we can see what is actually happening! ! ! ! ! 
 I like to look carefully at the evidence before I give my opinion! ! ! ! ! 
 I find drawing conclusions from evidence is often difficult! ! ! ! ! 
 Those in authority say what is correct! ! ! ! ! 
 Science textbooks are not very accurate in what they teach! ! ! ! ! 
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 Assuming all questions to be positive, the following scoring system is often applied:
Strongly Agree = 5 Agree = 4 Neutral = 3 Disagree = 2 Strongly Disagree = 1
It is considered that a high score shows a very positive attitude, while a low score shows 
a very  negative one; and Likert (1932) argued that the distribution of responses would 
make a normal distribution.  
However, Reid (2006b) criticised this method on the basis that it is completely 
erroneous to add up ordinal numbers and that, while it is possible to obtain a total, the 
total may  be meaningless. He illustrated this by giving the example of the responses of 
two fictitious students to ten questions on a Likert questionnaire (see table 5.2).
Questions
Responses
Strongly
agree Agree Neutral Disagree
Strongly
Agree
5 4 3 2 1
Q1 X Y
Q2 X Y
Q3 X Y
Q4 X Y
Q5 Y X
Q6 Y X
Q7 X Y
Q8 X Y
Q9 X Y
Q10 Y X
 Student 1= X Student 2 =Y
Table 5.2    Imaginary example for two students’ responses (from Reid, 2006b).
Hence, it can be seen that although the two students have the same score, their attitudes 
are completely  different (Ramsden, 1998; Reid, 2006b). This reveals a flaw in the 
summated rating approach; it hides significant detail and obscures differences by 
reducing reducing attitude to a number (Alenezi, 2008). It has been strongly argued that 
this approach is never used: ordinal numbers cannot be added (Reid, 2011). 
There is no evidence to suggest that behaviour will reflect an individual’s attitude with 
any precision, and attitudes must be inferred from behaviour with no certainty that the 
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inference is accurate (Ali, 2008). However, behaviour is often the outcome of attitudes 
held, while at the same time attitudes are often seen as predictors of behaviour.  
The Osgood et al. (1957) method, known as the semantic differential method, is a 
simple technique which is now widely  used and, in his study, Heise (1970) was very 
positive about the method. In their original work, Osgood et al. (1957) explored the 
meaning of semantic space. Following the extensive use of factor analysis, they found 
that semantic space generated three clear factors: evaluation, potency and activity. 
These represent respectively, ‘good-bad’, ‘powerful-powerless’ and ‘fast-slow’. 
Perceptively, Osgood et al. (1957) identified the evaluative dimension as synonymous 
with attitude, stating that their work in semantic measurement seemed to suggest this 
identification. They further stated that, if attitude was a part  of the internal meditational 
activity, then it was also part of an individual’s semantic structure and could therefore 
be indexed (in Alenezi, 2008). 
Here is an example:
What is your feeling about science as a subject? 
Tick one box on each line.
 I like science.! !!!!!! I don't like science.
 I understand it with difficulty.! !!!!!! I understand it with ease
 It is useful in my daily life.! !!!!!! It is useless in my daily life.
 It is interesting.! !!!!!! It is boring.
 It is complicated.! !!!!!! It is simple.
 I am interested in lab work.! !!!!!! I am not interested in lab work.
Initially, this method also had a 7-point rating scale, but Heise (1970) later revised and 
altered this to a four- or five-point scale.  The semantic differential technique has been 
considered reliable (Osgood et al. 1969; Hadden, 1981). However, Brown and Brown 
(1972) pointed out that the semantic differential method has less applicability  than 
Likert methods (Reid, 1978). Indeed, Reid (2006a) suggests that that  Osgood’s 
technique has the same drawbacks as the Likert method when employed as a scaling 
technique, although, similar to the Likert method, it can be used in such a way  that each 
bipolar line is treated separately.
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Reid (1978) also highlights the advantages of this method, which are that it needs a 
shorter time to answer the questions than with the Likert method and it can be 
understood and used even by children. According to Heise (1970), this method has a 
high correlation of around 0.90 to the more complex Thurstone method. However, it is 
clear that, as with the Likert method, normal arithmetic cannot be performed on ordinal 
numbers (Onwumere, 2009). Ali (2008) suggests that response patterns should be 
compared question by question for two or more groups by  employing the chi-square 
statistic.
Another approach is to use what are known as rating questions. Alenezi (2008, p. 91) 
notes that attitude rating questions can be “very sensitive in determining attitude 
development.” However, the method is also restricted in the range of application open to 
rating (Alenezi, 2008). 
The figure below shows an example of a rating question, which aimed to explore the 
attitudes of school pupils to ways of obtaining evidence (Reid and Serumola, 2006). The 
question was analysed by comparing the response patterns of different groups of pupils.
Tebogo has been studying global warming and wonders how scientists know what is actually the 
truth about global warming. 
Her friends suggest several ways to find the answers. These are listed in the shaded box.
Arrange these suggested answers in order of their importance by placing the letters A, B, C...etc. 
in  the boxes below. 
The letter which comes first is the most important and the letter which comes last is the least 
important for you.
A.   Read Scientific books.
B.   Talk to experts like University professors.
C.   Carry out experiments to test the idea of global warming.
D.   Collect as much information as possible about global warming.
E.   Assume global warming is true and act accordingly.
F.   Use intelligent guesswork.
G.   Look at information which has already been gathered through research.
H.   Accept what majority of people believes is true about global warming. 
most important Least important
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5.7 Interviews
Ali (2008) describes the interview as a useful and powerful technique for investigating 
attitudes, and one which allows interviewer and interviewees to express their views 
freely. It  is a technique that can be widely  applied and can provide rich data.  There are 
a number of types of interview, such as highly-structured interviews, open-ended 
interviews, interviews for validating questionnaires and fixed question interviews (Reid, 
2003):
Figure 5.10    Interview Types (Reid, 2003, 2006a)
In a highly structured interview, all the questions are determined before the interview is 
carried out and this permits verification of understanding and interpretation (Reid, 
2006a). However, a highly structured interview is more like a verbal questionnaire.
In an open-ended interview, it may be necessary to ask preliminary questions in order to 
develop trust and confidence in the interviewee which allow him or her to speak freely 
(Reid, 2006a). Although this kind of interview can be time-consuming, it can also 
provide rich data in that the interviewee is allow to range widely in the responses given.
In semi-structured interviews, the questions are well-defined, but, according to the 
direction the interviewee wishes to take, they leave room for open discussion, which 
allows a certain degree of freedom for both interviewer and interviewee (Reid, 2006a). 
In practice, the interviewer has a set of issues to explore and a set of questions. 
However, there is freedom to expand as appropriate.
Interviews can be employed at the start  of a study in order to gain broad insights into the 
issues involved and the kind of language used by the interviewees. Such interviews can 
be followed by surveys using questionnaires. Equally, it is possible to employ 
interviews to explore topics raise by  questionnaire data to give greater depth and 
Highly 
structured
Totally 
open
Semi-structured
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richness of understanding. Although interviews can offer rich insights, they take time to 
plan, set up and they are often very  time-consuming, with the data obtained being 
difficult to summarise concisely. 
5.8 Validity and Reliability
Although often presented in complex ways, the ideas of validity and reliability  are quite 
straightforward. In all measurement, it is important to be sure that we measure what we 
intend to measure: that is validity. In addition, it is important to have some measure of 
the accuracy (or reproducibility) of the measurement: that is reliability.
Reliability  was defined by Osgood (1957, p. 126) as “the degree to which the same 
scores can be produced when the same objects are measured repeatedly.” Ali (2008) 
points out that the time interval between administrations should be sufficiently  long for 
respondents not to be able to remember their answers, but not so long that their attitudes 
have been changed or influenced by other factors.  Reid (2006b) notes that the evidence 
shows clearly  that reliability will be good if the questionnaire is well-constructed, 
applied sensibly, and the sample size is sufficiently  large to draw meaningful 
conclusions.  
Ali (2008) stresses that test-retest reliability  must be differentiated from the internal 
consistency of a measurement tool, which refers to the extent to which the responses 
correlate with each other. This raises an important issue.  The word ‘reliability’ is used 
in different ways. The key thing is to be sure that the instrument gives similar scores on 
more than one occasion. For example, it is no use measuring the heights of people using 
a measuring tape which stretches with time or, even worse, stretches to varying degrees 
according to temperature and humidity.
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However, reliability is often used to refer to internal consistency. If some variable is 
measured using, say, ten questions, we need some indication that the responses to the 
ten questions relate to each other consistently. This more or less never applies in 
education. For example, if we set a test in mathematics and use ten questions, then we 
want to measure ten different skills. Abilities in the skills may or may not be consistent 
and, therefore, any measure of internal consistency is largely  meaningless. This issue is 
discussed more fully in Reid (2006a).
Validity can be described as the degree to which the instrument measures what the 
researcher wishes it to measure and Onwumere (2009) notes that, although it is clear 
that an unreliable test  will not be valid, validity is more important than reliability. 
According to Germann (1988), “attitude research must clearly define the construct 
being investigated, describe the place of this construct within a large theoretical 
framework of relevant variables, and demonstrates the reliability and validity of 
instruments used to measure it.” 
There are numerous types of validity, which were summarised by Oppenheim (1992) as 
follows:
Content validity: This refers to the items in a test  covering the issues, knowledge or 
skills to be measured in a balanced way.
Concurrent validity: This indicates that it is possible to relate the outcomes of the 
measurement to some other valid skills, theme or topic. 
Predictive validity: This refers to cases where it is possible to relate the outcomes of 
the measurement to a future criterion, e.g. job performance, or examination results. 
Construct validity: This indicates the possibility of relating the outcomes of the 
measurement to a set of theoretical assumptions concerning an abstract concept. 
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5.9 Conclusions
In this chapter, the role played by attitudes in education in general and science 
education in particular has been explored. There has been increased interest  in attitudes 
in the past forty years and a great deal of research has been carried out on the subject. 
An attitude involves three dimensions (cognitive, affective and behavioral) but these 
may not be of equal significance in the formation of all attitudes.  In this regard, while 
there are a number of mono-dimensional models of attitude (e.g., Petty  and Cacioppo, 
1981), the majority of researchers in the field of psychology (e.g., Bagozzi and 
Burnkrant, 1979; McGuire, 1985) agree that attitudes are multi-dimensional and that 
their elements are likely to be interconnected in the process of attitude formation.  
Attitudes are important  in their influence on subsequent behaviour. The relationship 
between attitudes and behaviour is described by  the Theory of Planned Behaviour 
(Ajzen, 1985). The importance of this is the appreciation that intention to behave is also 
influenced by the subjective norm (what do I think others will think of the behaviour?) 
and perceived behavioural control (are there constraints on the behaviour?). The 
intention to behave may lead to the behaviour under consideration.
All this has important implications for attitude assessment in that, if attitudes (or 
beliefs) are to be deduced from observed behaviour (completing a questionnaire or 
responding in an interview), then the impact of the subjective norm and perceived 
behavioural control must be minimized.
In the educational context, Reid (2006b) notes that students will inevitably  develop 
attitudes and stresses the importance of developing students’ attitudes in a positive 
direction, although noting that teachers frequently do not take students’ attitudes into 
consideration. In line with Ajzen and Fishbein (1980), attitudes can have a strong effect 
on behaviour. Thus, even if a student is able to think critically, critical thinking may not 
occur if the attitude towards that kind of thinking is negative. The student may feel it is 
not encouraged, valued or, indeed, rewarded in any way in terms of gaining better 
examination scores.
Attitudes in relation to studies in the sciences have been found to be very  important, 
mainly in relation to willingness to continue studies. One aspect of this is the way the 
learner sees knowledge (in its widest sense) and how understanding is acquired and for 
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what purpose (Reid, 2003). Critical thinking is a key  part of this. However, as Alenezi 
(2008) points out, attitudes can change over time and are subject to many influences 
outside the school, such as friends, family  and media.  Nonetheless, it  is likely that 
attitudes in relation to studies in the sciences which are developed at school will persist 
into adulthood (Reid, 2006a).
Further, there is an attitudinal element in encouraging students to think critically, as they 
need to be aware of the purpose of critical thinking and be willing to work in that way. 
While Paul (1990) categorises critical thinkers as ‘strong’ or ‘weak’ thinkers, Facione 
(2011) argues that these distinctions are inaccurate and it would be more logical to say 
that an individual was either a critical thinker or was not. This is, however, not to reject 
the attitudinal dimension of critical thinking. 
Overall, the attitudinal dimension to critical thinking is important. How do the learners 
see the role of critical thinking in relation to their studies? Are they aware of its value? 
It is not enough simply to be cognitively able to think critically. The learner must 
perceive its value and, indeed, the entire education system must offer a coherent picture 
to the learner where critical thinking is encouraged and where its value is demonstrated 
in terms of examination credit.
Perhaps the most difficult issue lies in attitude measurement. Several powerful and 
useful techniques have been described. The difficulty lies in data handling. In some 
ways, this depends on the way an attitude is conceptualized. However, in education, 
attitudes are highly multidimensional and are composed of a myriad of beliefs 
(following the model of Oraif, Figure 5.5). The methods to be adopted in this study will 
recognise the ordinal nature of the data, the multi-dimensional nature of attitudes and 
will handle the data accordingly.
Having now considered the attitudinal dimension, attention in Chapter 6 is focused on 
the role of learning and memory in relation to the development of thinking skills.
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Chapter 6
Learning and Memory
6.1 Introduction
Critical thinking needs to be learned. The interesting question is what research has 
revealed about how learning takes place. This will offer insights into how critical 
thinking skills might be developed at school level. There are some assumptions here. It 
is assumed that, given the right instructional environment, critical thinking skills can be 
developed. The last chapter recognized that  critical thinking skills may well only  be 
employed if the learners’ attitudes towards their potential are appropriate. This chapter 
does not seek to give a comprehensive overview of learning but to seek to identify key 
aspects from the research on how learning takes place which may have a relevance for 
the development of critical thinking skills.
6.2 The Role of Memory
In the educational setting, students receive most of their information in formal 
instruction through sight and sound. Slavin (2000) points out that most incoming 
information is discarded immediately. That which is not discarded is either held 
temporarily in the memory or is retained on a more permanent basis. The term 
‘memory’ concerns the ability to understand information, to retain it, to recall it when 
required and to recognise it when it is encountered again (Onwumere, 2009). Learning 
relies on memory for permanence. According to Blakemore (1988, p. 46),  
“...without the capacity to remember and learn, it is difficult to remember and learn; it is 
difficult to imagine what life would look like, whether it could be called living at all. 
Without memory, we would be servants of the moment, with nothing but our innate 
reflexes to help us deal with the world. There could be no language, no art, no science, no 
culture.  Civilisation itself is a distillation of human memory...”.
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Models of memory  have developed over the past 60 years (the multi-store model of 
Atkinson and Shiffrin, 1968; 1971; the levels-of-processing approach of Craik and 
Lockhart, 1972; Baddeley and Hitch’s (1974) working memory model, Tulving’s (1972) 
multi-modal model; and information processing models, such as those of Johnstone, 
1997).
6.3  Learning and Understanding
Learning itself has been described in several ways. Hamachek (1995, p. 228) defined 
learning as “a process by which behaviour is either modified or changed through 
experience or training.” Schunk’s (2004, p. 2) stated that “Learning is an enduring 
change in behaviour, or in the capacity behave in a given fashion, which results from 
practice or other forms of experience.” According to Gagne (1964), “Learning is a 
change in human disposition or capability, which can be retained and is not simply 
ascribable to the process of growth.”  Learning can be described as a process which 
results in any change in behaviour which cannot be explained simply  by natural 
development and can include psychomotor learning, such as learning to drive or play a 
musical instrument (Ali, 2008).
However, learning historically has been seen as memorisation of information or 
procedures. Today, students are expected to go beyond the simple accumulation of 
information to develop ideas and an understanding of the subject  matter (Onwumere, 
2009). Understanding enables the learner to make use of and apply that knowledge. 
Piaget (1963) clearly  showed that children wish to make sense of what they  see and hear 
around them while Ausubel et al. (1978) found that, “the most important single factor 
influencing learning is what the learner already knows.” Ausubel (1978) further 
suggested that understanding is in fact the assimilation of concepts rather than their 
formation, arguing that  “most of what anyone really knows consists of insights 
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discovered by others that have been communicated to him or her in a meaningful 
fashion” (p.530).  Similarly, Johnstone (1997a) described learning as:
“The reconstruction of material, provided by the teacher, in the mind of the learner. It is 
an idiosyncratic reconstruction of what the learner understands or thinks he or she 
understands of the new material provided, tempered by the existing knowledge, beliefs, 
biases, and misunderstandings in the mind of the learner.”  
Johnstone (1997b) has drawn together considerable evidence to suggest that information 
can be stored in the four ways in long-term memory. This is illustrated in Figure 6.1.
Figure 6.1    Information Storage (Source: Author developed from the findings of Johnstone, 1997).
Critical thinking is a thinking skill. It  will be developed in some way  in the working 
memory and the procedures will be stored in long-term memory. Critical thinking will 
then be carried out in the working memory.
Information 
storage
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No 
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Linear 
filing
New knowledge matches the previous 
knowledge well and links with 
existing knowledge to lead to richer 
understanding
New knowledge is linked 
with existing knowledge 
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times tables), usually accessible 
only in that way
Information not linked to previous 
knowledge and stored separately, 
leading to difficult recall
Essentially, meaningful 
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6.4 Insights on Learning
Over many decades, studies have revealed new insights on the complex process that is 
known as learning.  Some key researchers include Jean Piaget (1896-1980), David 
Ausubel (1918-2008).
The following sections will look at the contributions of each showing where what they 
found has an impact on the way critical thinking may take place.
6.5 Piaget 
Carrying his background training in biology into a study of human learning, Piaget 
interpreted the way learning occurs in terms of how the human organism is adapting 
cognitively to the environment. Specifically, he investigated two main issues. The first 
looked at how children adapt to their environment and the second explored how child 
cognitive development can be classified and organised over time (Alenezi, 2008). His 
key ideas include:
Schemata: Piaget described schemata as the fundamental means of organising units of 
thought or action that individuals build to make sense of their interaction with the 
environment (Alenezi, 2008).  A schema can be thought of as a type of file in the mind 
to store interrelated information. Flavell (1963, p. 52) states that “assimilatory and 
accommodatory functioning always presupposes some sort of quasi-enduring 
organisation or structural system within the organisation.” Thus, schemata are used to 
identify and process stimuli that are received by the individual; they change and adapt 
in accordance with mental development (Ali, 2008).  According to Flavell (1963, p. 52), 
Piaget places considerable emphasis on the part played by  corrective experience in the 
construction and transformation of schemata. In the context of this study, it might be 
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possible to conceptualise critical thinking skills as kinds of schemata that support and, 
perhaps, direct the way the learner interacts with new information.
Assimilation: Assimilation is a “cognitive process by which a person integrates new 
perceptual, motor or conceptual matter into existing schemata or patterns of 
behaviour” (Wadsworth, 1979, p.14).  Schemata evolve and develop in the process of 
assimilation (Al-Ahmadi, 2008). Piaget (1952) argued that by incorporating new 
elements into previous schemata through assimilation, the intelligence continually  alters 
the schemata to adjust  them to these new elements. This might have implications for 
critical thinking in that assimilation may be part of the process by which critical 
thinking evolves and develops.
Accommodation: Accommodation refers to the formation of new schemata or the 
modification of previous schemata, resulting in a change in or development of these 
schemata (Al-Ahmadi, 2008). Intellectual structures are changed qualitatively by the 
process of accommodation (Wadsworth, 1979). Alenezi (2008, p.12) argues that 
accommodation is “the effort made by organisms to change or modify an activity or 
ability to fit the new information, or respond to the environment in a new manner, if 
previously learned behaviour or schemas are not sufficient.” Critical thinking may be 
part of the actual process of accommodation described by Piaget.
Equilibration: Piaget (1952) described equilibration as a continual adjustment of the 
balance between assimilation and accommodation and that cognitive development was 
fundamentally a logical sequence of equilibration.  Therefore, if a child succeeds in 
assimilating a new stimulus into his/her existing schemata, equilibrium is established 
(Ali, 2008). However, if the child does not succeed in doing this, he/she will modify  a 
schema or create a new one and if this succeeds, equilibrium will be established by  the 
assimilation of the stimulus (Wadsworth, 1979). Dis-equilibrium results if existing 
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schemata cannot deal with new experiences (Alenezi, 2008). In a sense, critical thinking 
almost inevitably will generate some kind of dis-equilibrium.
Another key insight of Piaget was his observation that children progress through 
developmental stages. Piaget’s (1963) four stages were summarised by Atkinson et al. 
(1993) and Slavin (2006). The four stages are shown in Figure 6.2.
Figure 6.2   Piaget’s Four Stages (Source: Author)
As can be seen from the figure, the concrete operational stage takes place in the last 
years of primary school, while the formal operational stage occurs in intermediate 
school (or lower stages of secondary school). The concrete operational stage sees the 
development of logical thought and conservation has mainly  been accomplished; these 
are very significant in the understanding of scientific concepts (Al-Ahmadi, 2008). At 
this stage, the child is able to solve a problem but  cannot generalise the results (Hyde, 
1970). 
In the formal operation stage, the child begins to use abstract reasoning (Ali, 2008), 
with growing capacity to build abstract hypotheses and of holding certain variables 
constant while manipulating others in order to determine their effect (Ali, 2008). From 
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age 12 to 16, thought has become hypothetical, logical and abstract; formal operational 
thought, therefore, is very similar to the type of thinking frequently  called ‘scientific 
thinking’ (Ali, 2008).  This probably  explains the finding of Al-Ahmadi and Reid (2012) 
when they showed that scientific thinking was not accessible until about age 16. This 
raises the question as to whether critical thinking is ‘controlled’ in some way by 
cognitive developmental stages. Thus, the insights from Piaget may have implications 
for the development of critical thinking skills as well and this will discussed later.
There are criticisms of Piaget’s findings (Chu, 2008). Ausubel et al. (1978) expressed 
concern over his sampling and the rigidity of developmental boundaries. Eggen (1999) 
argued for more flexibility  in the stage boundaries. Ausubel et al. (1980) also raised 
issues relating to cultural differences. In this regard, the findings of Herron (1975) that 
university students were not always operating at  the formal operation level although 
they  were capable of doing so reveals a cultural influence where the skills associated 
with formal operational thinking were not rewarded.
Bliss (1995) criticises Piaget for underestimating the importance of social interaction 
and language in children’s development, the work of Vygotsky (1986) showing the 
importance of social context. Bruner (1996) also thought that Piaget had underestimated 
the importance of a child’s experiences and surroundings on cognitive development 
while Sutherland (1992) expressed concern on the lack of consideration of the 
differences in cognitive progression that will result from differences in individuals’ 
personality and intelligence. Bliss (1995) raised the important issue that some children 
may work at formal operative level in one context but not in another. Thus, if the learner 
sees no advantage in thinking critically, critical thinking skills may not be employed.
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There are clear implications for teaching. Thus, Beard (1969) asserts that when 
introducing a new topic, particularly in science, teachers should attempt to base their 
teaching on concrete concepts or on what the learners already  know, as complete 
understanding of abstract knowledge is not possible if the learners have not reached that 
stage of development. This raises an interesting issue about whether critical thinking 
can be seen in such concrete terms.
Overall, Piaget’s insights have been largely supported (Miller, 1993) and given a better 
understanding of the processes involved in cognitive development (Bentham, 2002).  In 
reviewing the evidence, Onwumere (2009) argues that Piaget’s observation of children’s 
cognitive development can be seen as largely  accurate and perceptive. The key principle 
in Piaget’s theory is that learners are not simply passive recipients of knowledge, but 
actively construct their own knowledge (Onwumere, 2009). Therefore, the role of the 
teacher is to provide the context in which learners are challenged by being offered 
activities which require adaptation that is appropriate to their level of development 
(Onwumere, 2009). This has clear implications for critical thinking and might even 
suggest that critical thinking is a natural outcome of the attempt of the learner to make 
sense of their environment.
6.6 Ausubel’s meaningful learning model
Ausubel was a psychologist  from the USA who was heavily influenced by the work of 
Piaget (Al-Ahmadi, 2008).  He stated “If I had to reduce all of educational psychology 
to just one principle, I would say this: the most important single factor influencing 
learning is what the learner already knows. Ascertain this and teach him 
accordingly” (Ausubel, 1968).  It was suggested by  Ausubel and Robinson (1969) that 
learning was influenced by two groups of variables (Figure 6.3):
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Figure 6.3    Two key sets of variables (Source: author)
It is clear that new understandings have to build on past understandings while it is also 
clear that a fifteen-year-old learner is ready  for a wider variety  of learning tasks than is a 
six-year-old learner (Ausubel and Robinson, 1969).  
Ausubel and Robinson (1969) separated reception-discovery  learning from meaningful 
and rote learning and viewed them as two fundamentally  unrelated dimensions. This is 
illustrated in Figure 6.4.
Figure 6.4   Orthogonal Dimensions of Learning
(derived from Ausubel and Robinson, 1969)
According to Novak (1978), this model concerns two principle cognitive processes 
which occur during learning. The first refers to the students’ learning various kinds of 
information in a meaningful way from the presentation of the instructive material in the 
classroom, while the second refers to the significance of the knowledge previously 
acquired by the student. Hence, Ausubel views previous knowledge as playing an 
essential part in the provision of a series of frameworks in the learner’s cognitive 
structure. Over time, these frameworks build towards formal reasoning. The extent to 
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which meaningful learning can take place relies fundamentally on the quality and 
arrangement of these frameworks (Ali, 2008). 
According to Ausubel (1968), meaningful learning therefore takes place when new 
knowledge is connected with previous frameworks of knowledge. When this happens, it 
produces changes in the entire cognitive structure of the learner, as existing concepts are 
modified and new connections between concepts are formed (Chu, 2008). 
The orthogonal dimensions of learning have been exemplified by Ausubel et al. (1978). 
This is shown in Figure 6.5.
Figure 6.5   Exemplification of dimensions of learning (Source: Ausubel et al., 1978)
It seems inevitable that critical thinking has to involve a high level of commitment 
towards understanding. Indeed, it may  well involve a questioning of understanding. 
This places critical thinking high on the meaningful learning scale. It seems reasonable 
to suppose that critical thinking may lie anywhere on the reception-discovery scale 
(Figure 6.6).
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Figure 6.6    Critical thinking and Ausubel’s dimensions (Source: Author)
Discovery, Reception, Meaningful and Rote Learning
According to Ausubel and Robinson (1969), discovery learning is a process in which 
the learner is not passive, but active, and must discover the main content of instruction 
rather than it being provided to him/her.  In order to do this, the learner must arrange, 
organise and build the connections between the new information and previous 
knowledge, assisted by instructions from the teacher.  The learner must then incorporate 
this content into his/her cognitive structure (Ausubel, 1969).  Discovery learning 
encourages the learner to build the information into a meaningful pattern rather than 
having all the information explained for him/her by the teacher (Ali, 2008).
Al-Ahmadi (2008) observes that, in the school setting, discovery learning generally 
does not involve independent discovery on the learners’ part. Several have argued for 
the value of discovery learning in stimulating curiosity, generating heightened interest 
in learning and encouraging greater retention of knowledge (Good and Brophy, 1990; 
Langford, 1989) but the evidence from Kirschner et al. (2006) challenges this view.
All this implies that the reception learning is inferior, a view not supported by Ausubel 
or Kirschner et al. Indeed, these views tend to neglect the importance of the orthogonal 
relationships expressed by Ausubel. This demands that the extent of meaningfulness is 
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NOT related to the extent of reception or discovery in the process of learning. The 
potential greater time demand in discovery learning may also be a drawback.
Ausubel (1968) sees the value of reception learning where the teacher provides the 
material to be learned either in the form of textbooks and other written materials or by 
face-to-face teaching, the teacher being the main source for organising suitable 
conditions for learning to take place in (Larochelle et al., 1998). Concepts, principles, 
and ideas are presented and understood rather than being discovered (Ausubel et al., 
1978). However, Ausubel and Robinson (1969) maintain that a combination of 
reception learning and discovery learning can take place at the same time during a 
lesson, through the application of a variety of teaching methods and the use of various 
learning materials.
Al-Ahmadi (2008) stresses that meaningful discovery learning will occur if the student 
formulates the generalisation him or herself and then relates it in a rational manner to 
his or her existing ideas. On the other hand, rote discovery  learning can take place if the 
student reaches the generalisation him or herself, generally  through trial and error, but 
then memorises it without relating it to other relevant ideas in his or her cognitive 
framework (Al-Ahmadi, 2008).
For meaningful learning to occur, it is essential that the relationship between the new 
item to be learned and the relevant items in the cognitive framework are not arbitrary 
(Al-Ahmadi, 2008).  Ausubel (1963) suggests that teachers must progress slowly and 
methodically  with learners of any age level, presenting the most important first and 
ensuring all the learners in the class have grasped it before continuing. The new 
information is much easier to understand if it builds gradually on what has already been 
learned (Ausubel, 1963).  
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Ausubel and Robinson (1969) held that meaningful learning occurs when learners 
conform to three criteria. The first is that the material to be learned must be related to 
previous knowledge and the second is that the learner must have the relevant cognitive 
framework to which to relate the material. The third criterion is that the learner must 
wish to learn in a meaningful way and must have the intention to relate the relevant 
ideas to the new material (Ausubel and Robinson, 1969).
Ausubel and Robinson (1969) state that certain situations tend to encourage rote 
learning. One is where there is little logical meaningfulness in the material to be 
learned, while another is where the learner does not possess the skills to permit him or 
her to engage in meaningful learning. A third such situation is where the learner does 
not have the relevant skills in his or own cognitive framework (Ausubel and Robison, 
1969).  However, as Chu (2008) points out, rote learning is by  no means completely 
useless, and may in fact be a valuable tool in certain educational activities, such as 
learning the alphabet or memorising grammar tables when learning a foreign language. 
Indeed, in such areas, the concept of meaningfulness is not so obvious.
Johnstone (1997) differentiates between rote learning and meaningful learning thus: 
“Meaningful learning is good, well-integrated, branched, retrievable and usable 
learning, while rote learning is at best isolated and boxed learning that relates to nothing 
else in the mind of the learner.”
It is well established that learners construct their own understandings. Critical thinking 
skills may assist enormously here. Onwumere (2009) notes that constructivism does not 
offer clear instructions to teachers as to how to carry  out the teaching while Danili 
(2001) argues that constructivism does not address such issues as power and culture in 
the classroom. Indeed, more fundamentally, Kirschner et al. (2006) criticise 
constructivism on the grounds that it does not take into account the crucial role of 
working memory capacity.
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Overall, the insights of Ausubel have offer substantial clarification of key ideas. 
Meaningful learning is the goal. Whether the learning is reception or discovery, it is 
important that skills associated with critical thinking are developed for these may be 
vital in enhancing the meaningfulness of learning. 
6.7 Conclusions
This chapter has discussed the connection between learning and understanding, with 
reference to models of learning developed from the research programmes of Piaget and 
Ausubel. The findings will be summarised and their implications for the development of 
critical thinking skills suggested:
The key points from Piaget are:
(a) All children progress through a series of cognitive developmental stages. This raises 
the important issue of whether the skills of critical thinking are possible at  too young 
an age but depend on specific aspects of cognitive development. The findings of Al-
Ahmadi and Reid (2012) when they showed that scientific thinking is not  accessible 
to children under the age of 16 may be relevant.
(b) Piaget showed that  the natural way for the learner is to seek to make sense of their 
environment. They are naturally constructing their own understandings of their 
world. Critical thinking may be a key part  of that  understanding process. It is 
possible that critical thinking may be suppressed by the incessant pressures to 
memorise and recall as these are perceived to bring the greatest  success in 
examinations, a major issue in Saudi Arabia.
(c) Piaget describes the key concepts of schemata, assimilation, accommodation and 
equilibration and these may offer some insights for the skills of critical thinking. 
Thinking critically, which means questioning all new information, its source and its 
meaning, may be suite of skills somewhat akin to a set  of schemata. These may 
develop by processes not dissimilar to those described by Piaget in exploring 
understanding.
Ausubel has offered two major insights which may be relevant in thinking about critical 
thinking:
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(a) He stressed again and again that  what we already know (and how we came to know 
it) has a major influence in future understanding. Critical thinking may be skill that 
needs persistent  encouragement and support. It  may develop naturally from 
childhood curiosity and questioning. However, the way the skill has assisted the 
learner in the past may have a major influence in how it is seen and used by the 
learner today.
(b) One major insight from Ausubel is the way he disentangled meaningful-rote learning 
from ideas of reception and discovery learning. This separation is often lost today. In 
general, the goal is meaningful learning, not  memorisation and recall. The place of 
critical thinking as part of the process of enhancing meaningful learning may be very 
important.
Having considered the insights and findings from two major researchers and thinkers 
and their possible impact on the development of critical thinking skills, the next chapter 
will focus on the insights which come from information processing. This takes things 
further by exploring the mechanisms in the brain and how these operate in meaningful 
learning.
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Chapter 7
Information Processing
7.1 Introduction
Miller (1953) explored memory and found a way to measure what he called ‘short-term 
memory’ (later named ‘working memory’).  This was later identified as the place where 
thinking, understanding and problem-solving were carried out (Johnstone, 1997). 
Baddeley and Hitch (1974) suggested that the working memory may consist of three 
sub-components, namely, the executive control system, the phonological loop and the 
visuo-spatial working memory. Since then, considerable research has been carried out 
on working memory and the role it plays in learning and academic achievement (e.g. 
Adams and Hitch, 1997; Christou, 2001; Jarvis and Gathercole, 2003; Holems and 
Adams, 2006). 
In the 1960s and 1970s a great deal of research was carried out on the reasons why 
learners at all educational levels appeared to find science subjects so difficult 
(Johnstone et al., 1971). Johnstone (1983) found that the problems arose because of the 
amount of information that learners had to handle at one time. When it encounters any 
information or input from the outside world, the human brain processes it  through three 
basic functions, which are acquisition; processing and storing; retrieval (Hindal, 2007). 
The first two carry  out certain cognitive processes, such as ordering, perception, 
processing and relating, while retrieval is an essential component of the memory system 
(Eysenck, 1993). Any model of information processing is concerned with basic mental 
operations, primarily, how information is received, processed and stored in the brain and 
retrieved from it (Chu, 2008). According to Chu (2008, p.57), “information processing 
is a perspective in the study of cognition and cognitive development in which the human 
mind is likened to a computer.” 
Page 153
Chapter7
Information processing itself has been defined as a cognitive model that explores the 
manner in which information comes into the human mind through the senses and is 
stored and retrieved in the memory (Alenezi, 2008). The information processing 
approach shows that young children have a memory capacity  which is smaller than that 
of the average adult (Sutherland, 1992).  
The figure below illustrates some of the possible links between elements of the brain’s 
function while learning.  
Figure 7.1    Two Human Brain Functions (from Hindal, 2007, p. 78)
In this chapter the literature on memory and its implications in learning and information 
processing, including information processing models, will be reviewed.
7.2  What is Memory?
Memory is vital for almost all human activities and it is, therefore, not surprising that 
memory and learning have come to be among the most closely studied subjects in the 
modern field of neuroscience (Hindal, 2007). However, although philosophers have 
speculated about memory for thousands of years, it was only just  over a century  ago that 
scientific investigation of the memory  began (Baddeley, 1990).  Ebbinghaus (1913) 
made three important  observations about memory. He noted that there was a relation 
between meaningfulness and ease of remembering; that forgetting was initially  rapid, 
taking place just after learning, but then slowed down, and; that when learning, 
individuals attempted to improve order and sense (Ebbinghaus, 1913). Ebbinghaus’s 
(1913) key finding was that learners seek meaningfulness and patterns when learning 
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(Al-Ahmadi, 2008). This is particularly true when learning science subjects, as they are 
essentially  concerned with attempting to make sense of the physical world around us 
(Al-Ahmadi, 2008). She also pointed out that it is a natural human tendency to attempt 
to make sense of things in general.  However, it was not until the latter half of the 
twentieth century  that numerous scholars (Atkinson and Shiffrin. 1971; Child. 1993; 
Johnstone,1993) began to focus on the importance of information flow within the brain 
in seeking to understanding learning.
Gross (2005) notes that memory  is a construct involving three distinct but interlinked 
processes: registering, or encoding; storage, and; retrieval.  The first  refers to the 
process whereby  sensory  input (such as a visual image or a sound) is transformed into a 
form which permits it to be entered into the memory.  With a computer, the information 
cannot be encoded if it is not presented in a format recognised by the computer, and the 
same holds true for the brain (Gross, 2005). The second process, storage, refers to the 
operation of retaining information in the memory. It is generally  held that changes occur 
in the brain to permit information to be stored, although to date the precise nature of 
these changes remains unspecified (Gross, 2005).  The third process, retrieval, as its 
name suggests, concerns the extraction of the stored information from the brain (Gross, 
2005).  These three processes are illustrated in the figure 7.2.
Figure 7.2    Three Processes of Memory (Source: Author after Gross, 2005).
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Closely related to SELECTIVE ATTENTION
Relates to the questions: 
HOW IS SENSORY INFORMATION PROCESSED IN A WAY THAT  ALLOWS IT TO BE STORED?
HOW ARE THINGS REMEMBERED?
Refers to the process by which sensory information is 
retained in memory.
Relates to the questions:
WHERE ARE OUR MEMORIES ‘KEPT’?
IS THERE MORE THAN ONE KIND OF MEMORY?
Refers to the process by which stored information is recovered.
Relates to the questions:
ARE THERE DIFFERENT KINDS OF REMEMBERING? 
WHAT DO WE REMEMBER?
WHY DO WE FORGET? StorageRetrieval
Registration
(encoding)
Memory
Page 155
Chapter7
According to Gross (2005), while registration is necessary before storage can occur, not 
everything which is registered is also stored. Tulving and Thomson (1973) observe that, 
“Only that can be retrieved that has been stored and ... how it can be retrieved depends 
on how it was stored.”  It is, therefore, clear that all three stages are closely linked to 
and dependent on each other (Onwumere, 2009).  Despite this, Onwumere (2009) notes 
that many researchers have concentrated on only one of the three stages.  
Atkinson and Schiffrin (1968) make a distinction between memory processes and 
memory structures. Memory processes refer to the mental activities that are carried out 
in order to put information into memory and the activities that subsequently make use of 
that information, i.e., the retrieval of the information, while memory structures refer to 
the nature, duration and organisation of memory storage. 
In order to develop  the memory, it is necessary to understand how the memory functions 
and what is actually occurring in the memory process (Hindal, 2007).  There are three 
basic approaches to the study of the brain, one being the physiological, or biological, 
approach, the second being the educational approach and the third being the 
psychological approach (Hindal, 2007). The former approach is concerned essentially 
with the numerous function-specific areas of the human brain (Markowitz and Jensen, 
1999).  The educational approach deals with memory in the context of learning, both 
formal and informal, while the psychological approach studies the memory  in terms of 
behaviour (Hindal, 2007).  The three approaches can all serve to elucidate each other. 
According to Flores (1964, p. 216), 
“The term memory embraces a collection of activities, including both physiological and 
psychological processes, which can only happen now because certain things that 
occurred earlier, in the recent or remote past, have had a lasting effect on the organism.”
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7.3  Models of Human Memory
There are three main components in the human memory, according to model of 
information processing (Brunning et al., 1995; Ashcraft, 1994; Barber, 1988; Atkinson 
and Shiffrin, 1968).  These are the sensory memory, also known as the sensory  registry 
or perception filter; the short-term memory, also known as the working memory, and; 
the long-term memory. According to Brunning et al. (1995), these three types of 
memory differ in the nature and extent of the processing of the information held and in 
their capacity.  Firstly, the sensory  memory perceives information coming from the 
external environment, then this information is processed in the working memory. 
Finally, the information is assimilated in the long-term memory and is retained there as 
cognitive structures known as schemas (Chu, 2008). This process is shown in figure 7.3.
Figure 7.3   The Modal Model (derived from: Brunning et al., 1995, p. 49)
This is only one of several information processing models that  have been developed 
with the intention of attempting to model the way in which people learn but they all 
share the same general features (Al-Qasmi, 2006).  One of the earliest models was that 
of  Atkinson and Shiffrin (1968), to illustrate how information is stored in the mind by 
the memory (see Figure 7.4 below).
Encoding
Retrieval
Short-term
Memory
Sensory
Memory
Long-term
Memory
Declarative Knowledge
Procedural Knowledge
Conditional Knowledge
Attention Rehearsal
Page 157
Chapter7
Figure 7.4    Atkinson and Shiffrin’s (1968) Memory Model (in Ali, 2008, p. 31)
In this model, the memory system is categorised into two main dimensions, 
distinguishing the permanent structural features of the system from the control 
processes of the system that can be modified or reprocessed (Hindal, 2007). 
Information enters the brain through a series of temporary  memory systems and, if 
attention is paid to it, the information passes into the short-term memory. This has a 
limited capacity and, if no attention is paid to it, it is forgotten (Ali, 2008).  Information 
in the short-term memory can then be rehearsed before being transferred into the long-
term memory, the process of repetition (generally sub-vocal) of what has to be 
memorised (Ali, 2008).  Craik and Watkins (1973) called this a maintenance rehearsal. 
However, Jenkins (1974) found that  this maintenance rehearsal might not in fact be 
necessary in what he called incidental learning. 
The Baddeley and Hitch Working Memory Model (1974) offers a simple but robust 
basis for research into working memory (Ali, 2008). They emphasised that the working 
memory is involved not only in memorising but also in thinking (Ali, 2008).  This 
model comprises three main components: the central executive, the phonological loop 
and the visuo-spatial sketchpad (see Figure 7.5 below).
Responses
Forgotten
Repetition
Long-Term
Memory
Retrieval
Short-Term 
Memory
Elaboration 
and Coding
      Initial 
  Processing
Sensory 
Memory
External 
Stimulus
Page 158
Chapter7
Figure 7.5   Baddeley and Hitch’s (1974) Working Memory Model 
The central executive can be considered as the central processor of information, has a 
limited capacity  and is supported by the other two systems. The central executive is 
responsible for the most complex cognitive tasks, while the phonological loop serves to 
hold and rehearse information based on sound and speech and the visuo-spatial 
sketchpad component performs this function for the visual information. In this model, 
working memory is seen as a flexible system whose purpose is to process information in 
various ways (Ali, 2008). 
Johnstone’s Information-Processing Model (1992) is often considered to be particularly 
useful in the field of science education (Al-Qasmi, 2006).  It is based on a mechanism 
proposed by  a number of psychologists such as Piaget, Ausubel, Gagne and Pascual-
Leone (Danili, 2004). 
In this model, perception is the process of filtering information that we use to decide 
what information we want to retain and what information we can discard. This filtering 
is controlled by  the long-term store and previous experience or knowledge is used in 
making decisions to retain or forget (Hindal, 2007).  After filtration, the information 
passes into the working space, where it can be held and processed into a comprehensible 
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form, although the capacity of working memory for storage and processing is limited 
(Johnstone, 1997). If there is too much information to hold, then there is not sufficient 
room for processing, while, at the same time, little can be stored if too much processing 
is needed (Johnstone, 1997). The long-term memory is capable of retaining a very large 
store of information, which is interconnected in a series of networks (Johnstone, 1997). 
Johnstone (1992) described his model thus:
“The information passing this perceptual filter passes on into a conscious working space 
where it is interpreted, rearranged, amplified from  LTM and then prepared for storage in 
LTM or for elimination. This working space is of limited capacity and so can process only 
a few ideas at any one time. The processed information is stored in LTM and storage is 
most efficient if the new material is linked to that existing the lTM to form a branched 
network which can be accessed in several ways.” 
(Johnstone, 1992) 
Johnstone’s (1997a) model is shown in Figure 7.6:
Figure 7.6    A Model of Information Processing (after Johnstone, 1997a)
In relation to this model, Reid (2008) noted that learning will more or less stop if 
working memory is overloaded but, if the perception filter functions well, overload is 
less likely. He also remarked that it  is what the individual already knows that controls 
filtration and that if knowledge is stored in a connected way it will be easier to 
remember (Reid, 2008). These ideas were stressed by Johnstone (1997). 
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Johnstone (1997a) goes on to describe learning as follows:
“Learning is the reconstruction of material, provided by the teacher, in the mind of the 
learner. It is an idiosyncratic reconstruction of what the learner understands, or thinks 
she understands of the new material provided, tempered by the existing knowledge, 
beliefs, biases, and misunderstandings in the mind of the learner.”
This offers an interpretation about how misconceptions can take place: information is 
linked incorrectly or previous information is itself incorrect.
7.4 Three Components of Memory
7.4.1  Sensory Memory
Perception is the name given to the process by which humans select information 
(Danili, 2004). Through the five senses, humans receive information from the external 
environment (Chen, 2004).  Neisser (1967) asserted that  there were two main types of 
sensory  memory: echoic and iconic.  Ashcraft (1994): named the former, auditory 
memory and the latter, visual memory.  Ashcraft (1994) found that auditory memory can 
only hold information for about two or three seconds, while it can be held for only a 
quarter to half a second in the visual memory.  However, it has been argued by several 
researchers, such as Darwin et al. (1972) that the auditory  memory may  in fact be able 
to hold information for longer than two seconds. While the other senses also contribute 
to memory, educational researchers such as Brunning et al. (1995), Ashcraft (1994) and 
Bourne et al. (1986), there has been a greater emphasis on auditory  and visual memory, 
as, clearly, hearing and sight  are the two senses mainly  employed in learning (Chu, 
2008). 
Al-Ahmadi (2008) has summarised what is known. She notes that the main function of 
the sensory memory is to serve as a perception filter to choose which signals will be 
passed to the working memory and which will be rejected, this choice being determined 
by what is stored in the long-term memory, meaning that previous knowledge and the 
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way in which that knowledge was acquired has a strong influence on new learning. For 
instance, a negative experience in one area of learning can act as a barrier to further 
learning in that area.
Some learners are better than others at  selecting what is appropriate for a given task (Al-
Ahmadi, 2008). Those who are good at  making such a choice are known as field-
independent learners and those who are less efficient at this task are known as field-
dependent learners (Witkin, et al 1974). Field-independent learners have an advantage 
over others, as only  what is necessary goes through to the working memory, thus 
decreasing the risk of memory overload (Witkin, et al 1974). 
However, as White (1988) makes clear, it is vital that the learner pays attention to 
information received at this initial stage, as otherwise it cannot pass onto the next stage.
7.4.2  Short-term Memory (Working Memory)
Short-term memory is usually described today as working memory  and is the part  of the 
memory to which information is passed after selection by the sensory memory (Chu, 
2008). In the working memory, information is stored and manipulated, and is 
subsequently  passed into the long-term memory or rejected (Baddeley, 1986; Atkinson 
and Shiffrin, 1971). The working memory, therefore, acts a place to rehearse incoming 
information before the decision is made whether to pass it  into the long-term memory or 
reject it (Onwumere, 2009). Information held by the working memory consists of the 
information recently transferred there from the sensory memory, previous knowledge 
from the long-term memory to interact with the newly-acquired information, and the 
results of recent processing (Chu, 2008). All this information is processed in the 
working memory through several operations, which include arrangement, interpretation, 
comparison and preparation for storage (Chu, 2008). When the information is either 
passed into the long-term memory or rejected, space is cleared in the working memory 
Page 162
Chapter7
for new information to enter (Onwumere, 2009).  Two of the main functions of the 
working memory are to help learners realise what they are doing and at what stage they 
are; and to hold information for sufficient time to carry  out an action such as dialling a 
phone number (Gross, 2005).
The working memory is essentially a temporary storage system and its capacity is 
restricted (Brunning et al. 1995). Although there is no consensus as to how long 
information can be stored by the working memory, Slavin (2000) holds that it can only 
be stored there for a matter of a few seconds. Moreover, according to Brunning et al. 
(1995), it is easily disturbed by interference and it becomes weaker with age. 
Miller (1956) found that the average working capacity of an adult is around 7 (±2) units, 
which he called ‘chunks’. Miller (1956) defined these chunk as “any stimulus (e.g. 
letter, number, word, phrase,which has become unitised through previous experience.” 
As far as adolescents are concerned, Cowan (2001) found that their capacity of working 
memory was around 4 chunks. It has been found that a child’s working memory 
capacity grows by an average of one chunk every two years up the age of about sixteen 
(Chu, 2008). However, it is difficult  to utilize all of working memory and this may 
account for the observations of Simon (1974) and Cowan (2001), suggesting a smaller 
maximum capacity.   
Later research suggested that the working memory’s span changes according to the type 
of chunks used and their features (Chu, 2008). It appears that it  is approximately five for 
words, six for letters and seven for digits and is higher for short  words than for long 
words (Chu, 2008). 
The load on the working memory may be reduced by what is known as chunking 
(Miller, 1956).  This means that small chunks can be combined to make larger chunks, 
such as where letters are combined to make words.  A word takes up only one space in 
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the working memory, rather than the several spaces needed for each letter in the word. 
Although chunking does not in itself increase the working memory capacity, it  means 
that the more information learners can make into a recognisable group through 
chunking, the more complex ideas they are able to deal with (Bourne et al., 1986).  It is 
easier to do this if the units of information are familiar, frequent or have a logical 
connection with each other (Searleman and Hermann, 1994). 
In this respect, Kahney (1993, p. 43) suggested that “a solver may extend the capacity of 
short-term memory (sic) by writing and referring to notes or intermediate results.” 
However, the demands on the working memory increase if the information encountered 
is in an unfamiliar area (Herron, 1996).  Hence, as Johnstone and El-Banna (1986) point 
out, it  is difficult to teach chunking skills as these depend on the individual’s previous 
knowledge and experiences. An experienced learner is able to group units of 
information together in a meaningful way, while an inexperienced or inefficient learner 
is unable to do this (Onwumere, 2009). The limitations of working memory  capacity  act 
as a barrier to learning (Chen and Whitehead, 2009). If the working memory becomes 
overloaded, learning virtually stops, and this is the reason for the most common 
difficulties in learning highly conceptual subjects such as physics and mathematics 
(Reid, 2009a,b).  Ashcraft (1994) suggests that when such overloading occurs, this gives 
rise to rote memorisation and can often be frustrating for the learner, consistent with the 
findings of Jung and Reid (2009). 
7.4.3 Long-term Memory
The purpose of long-term memory is to store information over a long period of time 
(Al-Qasmi, 2006).  Information is transferred to the long-term memory from the 
working memory after a few seconds (Al-Qasmi, 2006). Johnstone et al. (1994) referred 
to the long-term memory  as a large store for keeping facts, developing concepts, and 
forming attitudes.  Long-term memory was defined by  Dillon and Schmeck (1983, p. 
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204) as “where we store all the information we possess about the world - all that we 
know, but which is not in our immediate consciousness.” The capacity  and duration of 
the long-term memory appear to be boundless (Solso, 1995).   
Johnstone (1997) stated that
“We store information which is potentially important or interesting or useful.  We ignore 
or discard information which is more trivial or unimportant. This is a personal process 
and for that purpose memory uses a variety of functions such as : pattern recognition, 
rehearsal,  elaborating, organizing.  We seek for patterns as we try to connect the new 
information with the existing information in order to make sense. We discard the new 
information when it does not make sense to us.” 
It has been suggested that  there are three different types of storage in the long-term 
memory: the episodic memory, the semantic memory and the procedural memory 
(Eichenbaum, 2003; Squire, 1993; Tulving, 1993).  The episodic memory contains 
events and images from experience, which are arranged according to time and place 
(Tulving, 1993).  Slavin (2006) describes it as being like a mental film of things we 
have seen or heard. The semantic memory consists of facts and information that we 
have learned; these include concepts, ideas, problem-solving skills and strategies for 
learning (Slavin, 2006). This type of storage is a permanent memory that retains general 
information and knowledge, including language (Ashcraft, 1994; Baddeley, 2004). The 
procedural memory is where we store knowledge of how to do things, in particular 
physical procedures such as driving and operating machinery  (Solso, 2001).  Bourne et 
al. (1979) argue that the strongest  type of representation in the long-term memory is 
semantic. 
In this respect, Tulving (1972, p. 386) states that,
“Semantic memory is the memory necessary for the use of language. It is a mental 
thesaurus, organised knowledge a person possesses about words and other verbal 
symbols, their meaning and referents, about relations among them, and about rules, 
formulas and algorithms for the manipulation of these symbols, concepts, and relations.”   
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Similarly, semantic memory was described by Ashcraft (2002, p.54) as, “the permanent 
repository of information you use to comprehend and produce language, to reason, to 
solve problems and to make decisions.”
Episodic memory “receives and stores information about temporarily dated episodes or 
events and temporal-spatial relations among these events” (Tulving, 1972, p. 385). 
Ashcraft (2002) described episodic memory as a personal store.
The working memory and long-term memory  differ in several respects. For instance, the 
working memory has a limited capacity, but the long-term memory’s capacity appears to 
be limitless. In addition, once information is secured in the long-term memory, it  can 
stay there permanently, whereas the working memory  can only hold information for a 
few seconds (Alenezi, 2008). Ashcraft (1994) suggests that, except in cases of physical 
damage to the brain, information stored in the long-term memory  is never lost; however, 
sometimes it appears to have been mislaid and cannot be found or retrieved.
Bahrick and Hall (1991) make the obvious point that the most important factor 
determining whether information is stored in the long-term memory or not is the degree 
to which it has been learned initially.  Lindsay  and Norman (1977) suggest that the most 
important factor in learning new information is to connect it  correctly  with the 
information structure which is already  in the long-term memory. Specht and Sandling 
(1991) argue for role-play and Reid (1980) observed the power or role play in attitude 
development. Certain forms of role play encourage the interaction of knowledge, 
understanding and attitudes held. Later Reid and Yang (2002) observed that role play 
also assists in connecting cognitive elements and the presence of these connections will 
assist problem-solving. The key point is that both understanding and attitude 
development take place in the working memory. For cognitive development, ideas and 
information must interact.
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7.5  Storage and Recall in the Long-term Memory
The working memory receives information from the sensory memory and the 
information stays in the working memory throughout the rehearsal process before being 
transferred to the long-term memory.  Attention and rehearsal are required for encoding 
in the long-term memory (Alenezi 2008) and rehearsal was described by Ashcraft 
(1994, p. 58) as “a deliberate mental process that can form a long-term memory trace, a 
record or representation of the information.” There are two effects of rehearsal, the first 
of which is the maintenance of information in the working memory, and the second of 
which is the storage of the item in long-term memory (Atkinson and Shiffrin, 1968). 
Storage is one part of the processing and retrieving is the other part; both are equally 
important (Ashcraft, 1994). Baddeley  (2004) found that information can be encoded in 
the long-term memory into either the verbal coding system, which is linguistic 
information such as words and narrative, or into the imaginable coding system, which is 
modified for non-verbal information, in particular pictures, feeling and sounds.  Tulving 
and Thompson (1973) suggested that each item of information is encoded into memory 
representation in the long-term memory, rather than being encoded as isolated items. 
Rumelhart et al. (1972) proposed that events which occurred a long time in the past  are 
re-created rather than remembered. They also pointed out that it is possible for 
individuals to respond to complex questions about the information that  is stored in their 
long-term memory  and that this memory is used to understand ideas, memorise facts, 
make deductions and solve problems (Rumelhart et al., 1972). 
Johnstone (1997) suggests that there are at least four ways in which information can be 
stored, or filed, which are as follows.
• “The new knowledge finds a good fit to existing knowledge and is merged to enrich the 
existing knowledge and understanding (correctly filed).
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• The new knowledge seems to find a good fit (or at least a reasonable fit) with existing 
knowledge and is attached and stored, but this may, in fact be a misfit (a misfiling).
• Storage can often have a linear sequence built into it, and that may be the sequence in 
which things were taught.
• The last type of memorisation is that which occurs when the learner can find no 
connection on which to attach the new knowledge.”
(Johnstone, 1997, p. 264) 
7.6 Measuring Working Memory
Baddeley (1997) noted that the first recorded attempt to measure short-term memory for 
educational purposes was made by Jacobs in 1887. Jacob developed a technique to 
assess students’ memory by giving them a sequence of items and asking them to repeat 
them. 
The Digit Span Task (DST) has been long been used to measure working memory 
capacity. The examiner reads a sequence of digits and the student must  repeat them back 
immediately (Pickering, 2006). If the student can repeat the sequence with no mistakes, 
he or she is given a longer list  and so forth until the students begins to make mistakes 
(Alenezi, 2008).  However, Pickering (2006) criticised this test on the grounds that it 
measured the phonological loop rather than working memory  and that, in addition, 
students’ performances on such a test may be limited by  the degree of attention they pay 
to the items that are presented, by their hearing ability and by their capacity  for 
speaking out loud. However, El-Banna (1987) found that this test offers consistent 
results when compared to other tests, such as the figural intersection test and the digit 
backward test. 
The Block Recall Subtest is a test developed by Corsi (1972) and based on the visuo-
spatial memory. It has been used in experimental and neuropsychological research to 
measure the visuo-spatial working memory  and it was later reconceptualised as the 
measure of the spatial subcomponent of the visuo-spatial working memory (Logie, 
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1995).  In this test, there are 9 identical blocks with the numbers 1 to 9 printed on one 
side and arranged randomly (Pickering 2006). The examiner then taps out a sequence on 
the blocks and the subjects must repeat the sequence in the same order (Pickering 2006). 
The Visual Patterns Test (VPT) was created by  Della Sala et al. (1997), for the purpose 
of measuring the visuo-spatial working memory  of adult neuropsychological patients. 
The patients were asked to recall two-dimensional matrix patterns in which each pattern 
is composed of a combination of equal numbers of black and white squares in a matrix 
(Pickering, 2006).  The subjects look at  a pattern for three seconds and then are asked to 
recall where the black squares were by marking them on a blank matrix of equal size. 
The number of black and white squares increase and patterns become increasingly 
complex. This test permits the user to measure visual pattern span, i.e. the number of 
black squares that can be held in immediate memory (Pickering, 2006). 
The Digital Backwards Test (DBT), also known as the Digits Span Backwards Test, is a 
test that  uses the auditory sensory memory to measure the capacity of working memory. 
The examiner reads a series of digits aloud to the subjects and then they  have to write 
them down in reverse order. After the first series of digits, the subjects then hear another 
series with more digits than the first and so forth until they start to make errors. The 
capacity of the working memory is more than the number of digits recorded correctly 
for some working memory capacity (usually  1 chunk) is employed to reverse the 
number order. Nonetheless, the test is widely used (Johnstone and Elbanna, 1986, 1989; 
Reid, 2009b).
The Standard Figure Intersection Test (FIT) is the test used in this research. It will be 
discussed in detail in the next  chapter. Interestingly, the outcomes from the digit span 
tests, the digit-span backwards test and the figural intersection test are remarkably 
consistent (Elbanna, 1987)
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7.7 Conclusions
In this chapter, some aspects of information processing, have been outlined. The models 
of the mechanisms of information handling in the brain are well supported by 
considerable evidence. At various times, Baddeley (1994, 2002) has reviewed progress 
in working memory research, showing that the initial findings are still well supported.
The essence of information processing is that it offers an insight into the way 
information moves around various components in the brain. Some key findings of 
importance in considering critical thinking can be summarised:
(a) The perception filter is controlled by what is already known (held in long-
term memory), consistent with the observations of Ausubel (see page 144);
(b) Working memory is the location where all thinking, understanding and 
solving of problems takes place;
(c) The limited capacity of working memory offers a powerful explanation of 
difficulties in understanding;
(d) The extent to which ideas are linked together when stored in long-term 
memory is the basis of understanding.
Looking at these four findings in the context of critical thinking, it is clear that critical 
thinking can immediately be hindered if certain aspects of information are not selected 
into the working memory. Thus, if the learner is ‘trained’ to think in terms of ‘right 
answers’ and knowledge to be memorised, the information and its sources will not be 
questioned and there will be limited attempts to make sense of the incoming 
information. Thus, the education culture may well hinder critical thinking. 
The capacity  of working memory may be critical and this may  place limits on the extent 
to which critical thinking can occur with younger learners. In the light of this, it is 
important in this study  of critical thinking to take steps to minimize any limitations that 
working memory capacity may impose.
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The next chapter will outline the first experiment which was developed taking these 
findings into account.
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Chapter Eight
Can Critical Thinking be Measured?
8.1 Introduction
There has been exponentially rapid progress in science and technology  in recent years. 
In particular, information technology has developed at unforeseen rates while 
movement of people between countries and continents has increased.  This is all part of 
a movement known as globalisation and the world has become like a village. 
Knowledge is accessible in ways which have moved well beyond the limits of book-
based libraries and access to knowledge has changed dramatically.  In this, information 
flow is becoming ever more rapid, deep and wide. This means that finding information 
has become much easier than in the past, as it can be found in many different ways, in 
particular through the mass media and through the internet.
These changes have posed interesting problems.  Much more is accessible and 
information flow is no longer controlled by the books available or the decisions of 
curriculum planners.  Indeed, the value of what you know is being eroded and replaced 
step by step by an increasing value placed upon a knowledge of how to obtain 
information.  In turn, this generates an increasing need to know what knowledge to seek 
and how to evaluate what is found.
Thus, the problem now is how this information can be accessed and used to change 
learning behaviour.  This has had a strong effects in Saudi Arabia as it is necessary for 
education in Saudi Arabia to keep  pace with that in the rest of the world. In recent years, 
there has been an indication that  the Ministry of Education wishes to move away from 
the traditional emphasis on rote learning. In this respect, around six years ago, it began 
to consider incorporating the concept of thinking, particularly  critical thinking, into the 
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curriculum. The aim of this is to build students' knowledge, to change learning 
behaviour and to make good citizens who will contribute to the country's economy in 
the future.  Thus, educational development in Saudi Arabia requires a new outlook on 
the way students think; this does not mean changing what they learn, but it does mean 
changing how they think.
The concept of critical thinking has gained in importance and has become a widely-used 
term in the education field in recent years (Fisher, 2005; Kong, 2005).  Indeed, critical 
thinking has received great attention from both academics and practitioners in many 
fields, but particularly  those in the field of education (McPeck, 1981; Ennis, 1985). 
According to Norris (1985), critical thinking is not an educational choice and all 
students should be taught to think critically; traditional methods of the simple transfer of 
knowledge and learning by  rote are no longer sufficient. However, there is no consensus 
as to whether critical thinking should be taught  within the context of particular subjects 
or whether it should be taught as a separate subject (Fisher, 2005).
8.2 What is Critical Thinking
As a first step, two main questions are asked. 
What is critical thinking?
How does critical thinking differ from other kinds of thinking or understanding?
In order to address these questions, an extensive review of the literature was undertaken 
and some of this is summarised in previous chapters.  As a second step, three basic 
questions arose from the findings.  In critical thinking, the person is thinking about 
something:  a topic, a theme, an argument.  For the moment, it  is possible to say that the 
person is thinking critically about some information, accepting that the word 
‘information’ is being used in its widest sense.  When a person is thinking critically 
about some information that person is asking three questions:    How?  What?  Why?
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These questions may be asked in relation to new information sources, the information 
itself and to the linking process involved in understanding.
Therefore, it can be said that when we think critically we are asking three basic 
questions. How? What? Why? In an educational setting, we are asking these questions 
about any new information we receive, whether the source is a book, a journal or the 
internet. Then the information itself must be considered, and finally  how this 
information links to what is already known (previous knowledge) and understood.  This 
has led to the development of a model, in which three questions are asked about three 
elements. 
Figure 8.1  Model of critical thinking (Source: Author)
In developing this model, the aim has been to bring together the broad consensus from 
the literature, to transform this into an operational description and, in this way, offer a 
model which can facilitate the measurement of critical thinking.
{
An operational description of Critical Thinking
Information 
Source
Information 
Itself
The Linking 
Process
How?
Why?
What?
}
If thinking involves some measure of understanding, 
how does critical thinking differ from this?
The three questions:
How?
What?
Why?
These questions can be asked in relation to:            
The new information source
The information itself.
The linking process involved in understanding
 Three questions about three elements 
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Looking carefully  at this model and considering its implications, it  can be seen that it is 
built  on information.  Information is currently easy  to obtain from a number of sources, 
in particular the internet, television, and books: in essence, print media, electronic 
media, and visual media.  There are three parts to the model:
The source of the information source;
The actual information itself;
How the new information relates to what is already known.
Each of these is now considered in turn.
Figure 8.2    Information Sources (Source: Author)
All information comes from some source. Who is the source? How was it 
communicated?  What was communicated?  Why did they  communicate it?  It is 
essential that children and young people learn not to accept any information which they 
receive without asking certain questions. For instance, they  have to ask themselves 
questions about source of this information? Is it reliable? If so, how reliable? Perhaps it 
is unreliable.  How does the learner judge if the source is reliable or dubious? Does the 
source of the information have some agenda and does this agenda make the information 
factually accurate or is it speculative, assertive, or simply incorrect? Indeed, does the 
source and the way  it is communicated affect the way the information is viewed?  It 
follows that, if the reliability  of a source is in doubt, it is not possible to be sure about 
the reliability of the information itself. Students should question the reliability and 
validity  of a dubious or unknown source.  They should therefore evaluate the reliability 
and validity of the source, as well as attempting to determine whether the source is 
unbiased.  
Information
 Source
What do we know 
about the people 
who communicated: 
how, what, why?
Printed media
Electronic media
Visual media
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This brings us to the information itself. The learner has to question the content  of the 
information itself - what is it? They have to evaluate all the information to discover 
what is actually a fact and is accurate, rather than speculative, mistaken, or inaccurate. 
The questions students should ask are: What is the information? Is this information 
important, useful, and so on?  Is the information complete, relevant and consistent? 
They  should systematically  go through the information in order to validate any of the 
statements, evaluate the information and challenge assumptions. Students should 
challenge information for which no supporting evidence is given. They  should then 
assess the information to see if it is complete, relevant and important (see Figure 8.3).
Figure 8.3    The information itself (Source: Author)
The third part is the linking process between new information and old.  It  is natural for 
individuals to try to make links between ideas.  This involves not just memorising the 
new ideas, but linking them to ideas already held in order to make sense of them.  In the 
process of linking ideas, there are several possibilities. The link may be correct or 
incorrect, as the learner may  construct  it  correctly or incorrectly.  Indeed, if the piece of 
knowledge that the learner already  has in his/her mind is wrong, the way in which he/
she links it to the new knowledge is immaterial; the link is certain to be wrong, as the 
previously-learned material is wrong. 
The fundamental question explores the way the new information relates to what the 
person already knows and understands. The salient question is whether the information 
is consistent with previous knowledge. Answering this question will show how the link 
can be made. Linking previously-held information to new information permits the 
learner to make sense of the new information and arrive at  a conclusion. Indeed, the 
new information may contradict or undermine what is already known.
Information
 Itself
Is it important, 
accurate, relevant, 
consistent, useful:  
how, what, why?
Printed media
Electronic media
Visual media
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Figure 8.4   The linking process (Source: Author)
Looking at critical thinking in an educational setting, we ask three questions (How? 
What? Why?) the learner can ask about the information itself, its source, and how it 
relates to what is already known. However, all this implies a measure of understanding. 
If we have really understood something, we can apply it in a situation that we have 
never encountered before with a reasonable chance of success. That is genuine 
understanding. We can be said to have genuinely understood if we are given an idea that 
we can link to an idea we already have.  If we then receive another idea and we can 
align this with the previous ideas, it is clear that we can rapidly build up  networks of 
ideas. Linking ideas that make sense lead to having a clearer and wider picture of a 
concept.
Critical thinking allows us to bring ideas together. It is very important for chemistry, 
biology, physics, geology, general science and mathematics, because these subjects are 
concerned essentially with concepts. Overall, ideas have to grasped and brought 
together.
The Linking 
Process
How does the new 
relate to what is 
already understood:  
how, what, why?
Printed media
Electronic media
Visual media
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8.3 Methodology for Measuring Critical Thinking
The first area to explore is how to measure critical thinking.  For this purpose, a test was 
developed where success in the questions was considered to depend on one or more of 
the facets of critical thinking as shown in table 8.2.  In section 8.2 above, critical 
thinking has been conceptualised in terms of asking 3 questions (how, what why?) of 
information, its source, and how it fits in with previous knowledge.  This gives rise to 
nine questions - the facets of critical thinking shown in table 8.1.
Category Facets of Critical Thinking
1 Asking how of information source
2 Asking how of information itself
3 Asking how of information linked to past knowledge
4 Asking why of information source
5 Asking why of information itself
6 Asking why of information linked to past knowledge
7 Asking what of information source
8 Asking what of information itself
9 Asking what of information linked to past knowledge
Table 8.1    Nine aspects of critical thinking (Source: Author)
Thinking takes place in the working memory while information, understanding and 
procedures are stored in the long term-memory.  In exploring and seeking to measure 
critical thinking, it is important to take into account the limitations of the capacity  of 
working memory. 
The nine facets were then interpreted into types of questions that might be asked of the 
students.  These are shown in table 8.2, overleaf.
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Facets of Critical Thinking Task Method
1 Asking how of information source
Evaluate reliability/validity of 
source.
Students were given some statements or 
information and asked to evaluate the 
reliability of the source.
2 Asking how of information itself How did the information reach me? Evaluate how I obtained this information.
3 Asking how of information linked to past knowledge
How does the information link to 
previous knowledge or link within 
itself; consistency?
Students were given more than one set of 
information, and asked how they link 
together?
4 Asking why of information source Why was this information provided? 
Students were given some statements and 
asked to speculate on why it was 
provided and whether it is valid ? 
5 Asking why of information itself Why is the information given in this way?
Why was the information presented in a 
specific way/
6 Asking why of information linked to past knowledge
Why should certain elements be 
linked together?
Why is important or necessary bring 
together certain elements of information?
7 Asking what of information source
What is the source; is it reliable; is 
there an agenda?
Who or what is the source?
Does that alter our view of how we treat 
the information?
8 Asking what of information itself
Is the information complete, 
relevant, important?
Evaluate information for its 
completeness, its balance, its relevance or 
its importance.
9 Asking what of information linked to past knowledge
What is involved in the linking 
process?
What is needed to bring two or more sets 
of information together to make a 
coherent whole?
Table 8.2   Framework for test (Source: Author)
Test items were then developed and analysed to see what were the likely facets that 
might be tested.  A draft test was produced and considered by various subject experts. 
In the light of their feedback, it  was modified and reduced in length.  The test was 
translated into Arabic and the translation checked.
At this stage, the test was piloted with 20 students (ages 13-15). One of the aims of the 
pilot study was to determine the time required for completion of the test.  A further aim 
was to ensure that the questions were neither too difficult nor too easy for the purpose. 
In addition, it was important to determine whether the tests were comprehensible and 
unambiguous for the subjects in order to avoid any  misunderstandings. Minor 
modifications were then incorporated.
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The possible facets being tested in this final version of the test are shown in table 8.3. 
The decisions relating to the final column were made in the following way. Two people 
allocated the skills assessed in three separate occasions. The final column reflects areas 
of agreement, the numbers here coming from table 8.2.
This is a first step towards ensuring validity.  Nonetheless, the allocations of the skills 
are still subjective and must be treated with caution.  
Question Theme Format Skill Assessed
1 Comparing sources of reliable evidence Rating question, text-based 1,4,7
2 Critically interpreting reports Open-ended responses 2,3,8 
3 Logical inference Short answers 3,7,9
4 Seeing possible patterns Numerical 3,8,9
5 Generating possible explanations Tabled responses 2,3,6,8,9
6 Cause and effect Graph interpretation 2,5,8
7 Examining conclusions critically Tabulated evidence 5,8
8 Deduction from evidence Text-based 3,6,8,9
Table 8.3    Test specification (Source: Author)
The most fundamental problem is test validity.  Was the test measuring what it was 
intended to measure?  The only attempts to assess critical thinking found used survey 
types of methodologies and these merely  determine what respondents think they are 
doing.  That is very different from the actual demonstration of a cognitive skill.
8.4 Methodology of other Measurements
To gain some insights on validity, data were also obtained on the following: working 
memory capacity, school science marks, a survey of views of students of critical 
thinking.
A sample of 240 school students (aged approximately 13-15) was selected randomly, 
involving girls and boys schools (education is gender-separated in Saudi Arabia), 
involving a cross-section of the typical school population at these ages (table 8.4).
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Years Age Girl Boy Total
1 13 40 40 80
2 14 40 40 80
3 15 40 40 80
Total 120 120 240
Table 8.4   Sample Chosen
For each student, four sets of data were obtained (table 8.5)
N = 240 Girls Boys Test 
TimeYear 3 Year 2 Year 1 Year 3 Year 2 Year 1
Student Perceptions 40 40 40 40 40 40 15 m
Working Memory Test 40 40 40 40 40 40 20 m
Critical Thinking Test 40 40 40 40 40 40 25 m
School Marks 40 40 40 40 40 40
Table 8.5  Measurements made
Critical thinking has to take place in the working memory and it is possible that the new 
test of critical thinking may simply  be giving some measure of the variable capacity of 
students’ working memories. Care was taken in its design to avoid questions where 
excessive working memory demands were being made. However, it was important to 
measure the capacity of working memory for each student to check if these 
measurements related in any way to those obtained from the critical thinking test.
In the same way, it  is possible that the new test of critical thinking may be just a 
measure of knowledge or understanding.  Therefore, there is a need to check if the 
scores from the critical thinking test were related in any way to performance.  Finally, 
the survey offered an opportunity to explore how the students saw their studies in the 
sciences.
Working memory  capacity  was measured using the established figural intersection test 
(Johnstone and Elbanna, 1986, 1989). The survey used several formats, all of which are 
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known to work well (Reid, 2003). The normal school exam marks for one semester 
were taken.  The school examination marks were standardized.
The primary  intention was to discover if critical thinking could be measured and to 
show that the test  was not simply  measuring working memory capacity, or knowledge 
or understanding in the sciences.
8.4.1 Reliability and Validity of Measurements
Ali (2008) highlights the importance for the researcher of being clear about what is to 
be measured (validity) and whether the measurement is accurate (reliability). While 
there are no perfect measurements, it is nonetheless important to verify  the extent to 
which there is confidence in any measurement (Hindal, 2007).
Reliability  was defined by Osgood (1957, p. 126) as “the degree to which the same 
scores can be produced when the same objects are measured repeatedly.” Ali (2008) 
points out that the time interval between administrations should be sufficiently  long for 
respondents not to be able to remember their answers, but not so long that their attitudes 
or skills have been changed or influenced by other factors.  
It is likely  that reliability of surveys and questionnaire will be good if the questionnaire 
is well-constructed, the sample size is sufficiently large to draw meaningful conclusions 
and the test conditions are appropriate (Reid, 2006b).  Reid (2003) also notes that, if 
tests or questionnaires are designed to ensure there is no ambiguity and are of a 
reasonable length, the items are moderately difficult and there large sample in use, then 
there should be no problem with reliability. 
It is worth noting that there is a confusion in the literature regarding reliability (Reid, 
2006 a,b).  Most statistical measures of reliability  look at internal consistency.  This is 
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very different from test-retest reliability.  Indeed, in the measures used here for student 
perceptions and for critical thinking, different items were deliberately designed to 
measure different aspects, and analysis of internal consistency is unhelpful.
Eagly and Chaiken (1993) note that validity is much more important than reliability. 
According to Germann (1988), “attitude research must clearly define the construct 
being investigated, describe the place of this construct within a large theoretical 
framework of relevant variables, and demonstrate the reliability and validity of 
instruments used to measure it.” 
Oppenheim (1992) describes validity seen in different ways:
 Content validity: This refers to the items in a test  covering the issues, knowledge or 
skills to be measured in a balanced way.
 Concurrent validity: This indicates that it is possible to relate the outcomes of the 
measurement to some other valid skills, theme or topic. 
 Predictive validity: This refers to cases where it  is possible to relate the outcomes of 
the measurement  to a future criterion, e.g. job performance, or examination 
results. 
 Construct validity: This indicates the possibility of relating the outcomes of the 
measurement to a set of theoretical assumptions concerning an abstract concept. 
In considering surveys, Reid (2006b) pointed out that validity can be checked by,
“Seeking opinions of a group of those who know the population, the attitudes being 
considered and the social context.  Developing questions based on the population (for 
example, by means of discussion or previous questionnaires). Sample interviewing. By 
comparing any conclusion drawn from  the attitude measurements with other 
independent observation.” 
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In this study, four measurements were made.  Table 8.6 summarises the way validity 
was approached.
Measurement Test Used Evidence of Validity
Student Perceptions Survey Items developed to match test specifications seeking to ensure face validity
Working Memory Test Figural Intersection Test Well-established test of assured validity (Elbanna and Johnstone, 1986, 1989)
Critical Thinking Test New Test Construct validity from test specifications related to construct analysis, analysed by ‘experts’
School Marks As obtained As valid and reliable as any school marks can be
Table 8.6    Validity of the Tests Used (Source: Author)
Reliability  was ensured by the use of large samples, and good test conditions (students 
were assured of no hidden agendas).
8.4.2 The Figural Intersection Test
The figure intersection test  (FIT) measures the capacity of the working memory. This 
test was developed by Pascual-Leone and Smith (1969) and Pascual-Leone (1970).  The 
test involves the subjects having to find an overlapping area of a group  of shapes which 
make up a pattern.  Each successive task involves an increasing number of shapes, from 
1 to 9, and the complexity of the pattern increases with the number of shapes 
(Onwumere, 2009).  The subject looks at the individual shapes, shown on the right-hand 
side (figure 8.5, overleaf), and the pattern of intersecting shapes is shown on the left. 
The overlapping area which the subject must fill in is known as the intersection of the 
individual shapes (Onwumere, 2009). The size of the subject’s working memory is 
measured by  the number of shapes of which he or she can find the intersection. For 
example, if the working memory  space of the subject is six (X = 6), this signifies that 
this subject can find the intersection of up  to 6 shapes, but cannot find the intersection 
for more than 6 (Alenezi, 2008). This test generally has 36 items for adults and 25 for 
Page 184
Chapter 8
children and each item must be completed in around 15 seconds (Jung and Reid, 2009). 
However, according to Onwumere (2009), there are usually  20 items in the test. In the 
present research, a 20-item FIT is used.
Figure 8.5    Example of Test Item
Details are given in the appendix 3 where the full test used is shown.
8.4.3 The Questionnaire
A questionnaire was constructed in order to measure perceptions of students relating to 
their studies in the sciences.  The construction of the questionnaire was informed by the 
guidelines given by Reid (2003), which are the following:
• “Jot down as accurately as possible what you are trying to find out.
• Settle on what types of question would be helpful.
• Be creative and write down as many ideas for questions as you can.
• Select what seem the most appropriate from your list - keep more than you need.
• Keep the English (the questionnaire language) simple and straightforward, avoid 
double negatives, keep negatives to a reasonable number, look for ambiguities, and 
watch for double questions.
• Find a critical friend to comment on your suggested questions.
• Pick the best, most appropriate and relevant questions, thinking of time available.
• Layout is everything!
• Try your questionnaire out on a small sample of students (e.g. a tutorial group) - ask 
for comments, criticisms. Check time required. 
• Make modifications and only then apply to larger group.
•  Analyse each question on its own.”
Test Set Presentation Set
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The questionnaire was administered in Arabic, the native language of the respondents. 
However, it was originally written in English, and in order to ensure the accuracy of the 
translation into Arabic, the process of back-translation was used: the researcher’s 
translation into Arabic was given to two linguistic experts, who then translated it back 
into English.  This English version was compared to the original English version to 
ensure that the meaning in Arabic was the same as that of the original English by 
comparing any differences in the two English versions. No significant discrepancies 
were found, indicating that the researcher’s Arabic translation was an accurate rendering 
of the original English questionnaire.  
The questionnaire involved several different question formats, each of which has its 
own strong points and weak points:
(1) The semantic differential (Osgood et al, 1969) consists of bipolar adjectival pairs (e.g. 
boring/interesting, easy/difficult), with a series of six boxes unlabelled between them. 
In this study, this was used to examine the views of students on science as a subject, 
their views on laboratory work and science lessons. There were three questions using 
this format, giving 18 items in all.
(2) A five-point Likert scale was used to obtain information on students’ views of science, 
science classes and examinations. In this the students had to choose one of five 
statements, which were ‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’ and ‘strongly 
disagree’. There were 15 questions using this format.
(3) The questionnaire also contained 4 preference ranking questions. In the first, students 
were asked to choose the three things, out  of a list of seven, that  they like best in 
science lessons. In the second, they had to choose three things out of a possible seven to 
indicate what  had made them become interested in science. The third question 
comprised 8 statements about examinations in their school, and, again, the students had 
to choose three of these.  In the fourth question, the students had to choose three 
reasons out of the 8 given as to why they should study science subjects.
For further details about attitude measurement, see the chapter on attitude (Chapter 5).
Page 186
Chapter 8
8.5 The Critical Thinking Test Used
The final version, in English, of the critical thinking test is now shown in full. It was set 
in ‘friendly’ language to reduce any stress on the respondents.
(1) Abdullah was talking to Khalid about  global warming.  Abdullah said  that it  was happening very fast as the 
ice-cap at  the North pole was melting rapidly.  Khalid was not so sure.  He remembered that some countries 
in the Middle East had faced frost and snow for the first time in living memory.
 How can we be sure if global warming really is happening?
(A) Believe Abdullah as he talks sense
(B) Read scientific books 
(C) Talk to experts like university professors
(D) Collect as much information as possible about global warming
(E) Assume global warming is true and act accordingly
(F) Look at information which has already been gathered through research
(G) Accept what the majority of people believe is true about global warming
Arrange these suggested answers in order of their importance by placing the letters A, B, C...etc. in the boxes 
below. 
The letter which comes first is the most important and the letter which comes last is the least important for 
you.
       
 most important least important
(2) This report appeared in a well known paper:
“Two workmen were suffocated in a tragic industrial accident when they were overcome by fumes in a 
large tank where electrical-welding was taking place. Afterwards, a detective said that, "burning argon 
gas in the welders torch apparently used up all the oxygen in the tank".
 Look at the report.
 Explain what is correct in the report and explain what is not correct in the report.
(3) The biology teacher is warning her students about the dangers of smoking cigarettes.  She states that smoking 
will increase the chances of dying from lung cancer very greatly.
 Manal did not believe that.  She told the teacher:  ‘My grandmother is 79 and has smoked for at least 60 years.’
 Who is right - the teacher or Manal?  ..........................................................
 Explain your reasoning: 
 ………………………………..........................................................................................................
 ………………………………..........................................................................................................
 ………………………………..........................................................................................................
(4) Here is a set of numbers:    8  18 32 50
 Two students are trying to work out the first number in the sequence:
  ...?... 8 18 32 50
 Mohammad suggests that it should be 4 as everything must divide by 2.
 Faisal thinks it must be 0 as this keeps the gaps about right.
 Explain why both are wrong.
 ………………………………………………………………………………………………………
 
What is correct:   
What is not correct:
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(5) Some liquid nitrogen (at a temperature of -196˚C) was poured over a balloon.  
 The balloon shrank in size very rapidly and then returned to its original
  size after several minutes.   The table offers some explanations of what
  was happening.
 Complete the table:
Reason for Balloon to shrink Is explanation reasonable ? Explain why
The air molecules inside the 
balloon get smaller as it gets colder
The air molecules inside the 
balloon get closer together as it 
gets cooler
The air molecules escape from 
inside the balloon
Everything gets smaller as it gets 
cooler
The rubber of the balloon becomes 
less flexible as it gets cooler
(6) Look at the following graph which shows how the value of the UK pound has changed over the first eight 
months of 2009.  In January 2009, one UK Pound would give just over 5.4 Saudi Riyals.
 Which of the following statements can be deduced correctly from this graph?
 Tick as many as you wish
 A visitor from Britain would get more Riyals for the 
pound in August than in January.              
 The value of the Riyal  has collapsed over the eight 
month period.          
 The Riyal  is always worth less  in the summer 
months.
 !Saudi Arabia is much wealthier than Britain.
 The value of the Riyal will grow in September.
 A person  will  obtain roughly 5.7 Riyals for every 
pound, on average.
(7) Statistics taken from official records for 2006 in Saudi Arabia showing  the rates of infant mortality from birth 
to the age of ten were published in a newspaper.
Age Boys Girls Total
Under 1 year 17 25 42
1 year 6 2 8
2 years 4 0 4
3 years 10 3 13
4 years 6 4 10
5- 10 years 5 6 11
Total 48 40 88
 The newspaper report made three comments. 
 Write down what you think of what they said.
Newspaper Comments What you think of the newspaper comment
Most of the deaths occur under age 1 
and this was caused by neglect;
Under age 10, boys tend to die more than 
girls;
Child nurses are not doing their work as 
well today.
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Before
After
5.20
5.45
5.70
5.95
6.20
Jan Feb Mar Apr May June July Aug
Saudi Riyals and the UK Pound
Riyals
to the
Pound
Month 
(2009)
(8) You may never have seen sodium fluoride.
 It is a white solid which looks very like salt.
 Experiments have shown that:
(a) Sodium fluoride contains the elements sodium and fluorine only.
(b) A solution of sodium fluoride in pure water conducts electricity well.
(c) When electricity is passed through the sodium fluoride solution in water, hydrogen and oxygen 
are always obtained.
 Look at these statements, which of the following is true? (Tick one box next to the true statement)
 1) Sodium fluoride contains hydrogen and oxygen
 2) Water contains hydrogen and oxygen only
 3) Hydrogen and oxygen are everywhere
 4) Water contains hydrogen and oxygen
 Explain why you chose that answer:   …………………………………………………………….
 ………………………………………………………………………………………………………
8.5.1 Scoring the Critical Thinking Test
There are eight questions in the test.  Two ways were used for scoring:
(a) Each question was scaled to be marked out of 1 and the overall total obtained by 
adding the marks together.  This assumes that each question is of equal demand level 
and makes an equal contribution to the underlying construct  of critical thinking.  The 
final score is out of 8.
(b) By weighting each question on the basis of a subjective judgement  about its relative 
value in terms of its demand level and contribution to the underlying construct  of 
critical thinking and then adding up the scores to give a total.  The final score is now 
out of 23.
The approaches are shown in table 8.7.
Question Maximum Mark Marked out of 8 Marked out of 23
1 4 1 5
2 2 1 2
3 2 1 2
4 2 1 3
5 2 1 2
6 2 1 3
7 2 1 3
8 2 1 3
TOTAL 18 8 23
Table 8.7   Scoring the Critical Thinking Test
It was found that the same patterns of outcomes were obtained irrespective of the way 
the critical thinking test was scored and this will be shown later.
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8.6 The Survey Used
The aim of this questionnaire survey was to investigate students’ attitudes towards 
various aspects of science lessons to see if any of these attitudes related to their ability 
to think critically  as measured by the new critical thinking test. The following aspects 
were explored (table 8.8):
Science as a subject
Laboratory work in science classes
Science lessons
What the students like best about science lessons
What develops student interest in science
Examinations in their school
Reasons why students should study science
The way they evaluate and think about critical thinking
Table 8.8    Specifications for Survey Used
The full survey translated into English is now shown.
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How Do You Think About the Sciences?
Here is a way to describe a racing car.
 quick !"!"!"!" !"! slow
 important !"!"!"!" !"! unimportant
 safe !"!"!"!" !"! dangerous
The position of the ticks between the pairs show that you 
consider it as very quick, slightly more important than 
unimportant and quite dangerous.#
#
#
Use the same method to show your views in questions 1 to 3.
(1) What is your feeling about science as a subject? 
 Tick one box on each line.
 I like science. !!! ! !  I don't like science.
 I understand it with difficulty. !!! ! !  I understand it with ease
 It is useful in my daily life. !!! ! !  It is useless in my daily life.
 It is interesting. !!! ! !  It is boring.
 It is complicated. !!! ! !  It is simple.
 I am interested in lab work. !!! ! !  I am not interested in lab work.
(2) If you have not used the laboratory in your science classes yet, leave this question and go to Question 3.
 Tick one box on each line.
 Laboratory work is interesting !!! ! ! ! Laboratory work is dull.
 I do not enjoy laboratory work. !!! ! !  I do not enjoy laboratory work.
 I learn many things in the laboratory. !!! ! !  I do not learn anything in the laboratory.
 Laboratory work is not important. !!! ! !  Laboratory work is important.
 Laboratory work is difficult. !!! ! !  Laboratory work is easy.
 I'd like to spend more time in the lab. !!! ! !  I'd like to spend less time in the lab.
(3) What are your feelings about science lessons?
 Tick one box on each line. 
 They are boring. !!! ! !  They are interesting.
 I like science lessons. !!! ! !  I hate science lessons.
 I understand them easily. !!! ! !  I just memorise them.
 I like going to the science club. !!! ! !  I do not like going to the science club.
 I do  not like discussion in the lessons. !!! ! !  I like discussion in the lessons.
 I'd like to spend less time in the lab. !!! ! !  I'd like to spend more time in the lab.
(4) What do you like best about your science lessons?  
 Please tick the three things you like best.
  doing practical work
  preparing for a career
  learning about recent scientific discoveries 
  finding out about the applications of science in daily life
  learning how science can improve health
  learning how science can help the environment
  understanding how things work
(5) What things made you become interested in science?
 Please tick the three which are most true for you
  TV programmes      
  books, newspapers and magazines
  teacher
  parents
  friends
  exhibitions, science centres etc.
  Internet
(6) What do you think about examinations in your school?  
 Please tick three which best reflect your experiences
  It is difficult to revise the whole year's syllabus for the final exam.
  The topics in the examination are not varied enough.
  I pass my examinations by trying to understand the ideas.
  We do not do enough revision in class.
  The examinations are easy.
  I often cannot remember how to do things in the exam.
  I find revising at home boring.
  I pass my examinations by memorising as much as I can
(7) Here are some reasons why you should study science subjects.
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 Please tick three which you think are most true.
 Science subjects:
  Help me to solve my problems.
  Are useful in daily life.
  Help me to understand the world.
  Important in improving the world.
  Help me to understand my body and be healthy.
  Science will help me to get a good job.
  Lead to important advances in medicine.
  Are important in developing my country’s economy.
(8) Here are some things about science.
 Please tick one box on each line to show your opinion
 strongly agree not sure disagree strongly
 agree    disagree
 Science teaches me a good way to think ! ! ! ! 
 I do not believe anything before I have evidence ! ! ! ! 
 I accept that what my science teacher tells me is correct ! ! ! ! 
 I like to question everything I am taught ! ! ! ! 
 TV is very accurate as we can see what is actually happening ! ! ! ! 
 I like to look carefully at the evidence before I give my opinion ! ! ! ! 
 I find drawing conclusions from evidence is often difficult ! ! ! ! 
 Those in authority say what is correct ! ! ! ! 
 Science textbooks are not very accurate in what they teach ! ! ! ! 
 I think it is important to link ideas together in my mind ! ! ! ! 
 Not everything is a textbook is true ! ! ! ! 
 The main thing in science is to memorise the facts ! ! ! ! 
 Scientific knowledge is always clear cut ! ! ! ! 
 Newspaper reports are a reliable source of information on science topics ! ! ! ! 
 My studies in science have helped me to think more carefully ! ! ! ! 
Thank you for your Help
Best Wishes in your Studies
Following a major study, Johnstone and Reid (1981) outlined the basic principles that 
they  found which underpinned the development of attitudes relating to the sciences in 
schools.  Many  other studies have used similar approaches and developed insightful 
understandings of attitudes in relation to the learning of subjects in the mathematics-
sciences areas of the curriculum at various stages (Al-Enezi (2008), Al-Ahmadi (2008), 
Onumwere (2009), Thompson and Soyibo (2002), Reid and Skryabina (2002), and Berg 
et al. (2003). 
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8.7 The Survey Data
The survey was used with a sample of 240 Saudi students, drawn randomly from typical 
schools in Saudi Arabia (table 8.4).  Each question is shown and the data for each part 
of each question are discussed. For clarity, the data are shown as percentages, to the 
nearest whole number. All statistical calculations using frequency data. Chi-square, as a 
contingency  test, is employed where appropriate.  This test is used to compare response 
patterns between year groups and also between genders.  In most question, there are no 
statistical differences.  For simplicity, the chi-square value is only shown where these 
are statistically significant response patterns.  Data are grouped where categories fall too 
low and the corresponding degrees of freedom are adjusted (see appendix, page 444).
In questions 1, 2, and 3, a six-point scale semantic differential set  of questions was 
employed.
(1) What is your feeling about science as a subject? 
 Tick one box on each line.
 I like science. !!!!! I don't like science.
 I understand it with difficulty. !!!!! I understand it with ease
 It is useful in my daily life. !!!!! It is useless in my daily life.
 It is interesting. !!!!! It is boring.
 It is complicated. !!!!! It is simple.
 I am interested in lab work. !!!!! I am not interested in lab work.
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
I like science
Year 1 11 3 3 11 14 59
I do not like 
science
16.3 6 p < 0.05Year 2 16 3 9 26 14 33
Year 3 8 5 1 23 19 45
Boys 7 2 3 22 17 49
9.2 3 p < 0.05
Girls 17 5 5 18 13 42
Total 12 3 4 20 15 45
Table 8.9    Survey Question 1(a)
Sadly, most of the students say that they do not like science, with the girls liking it less 
than the boys.  Looking at  the three year groups, the year 2 students are slightly more 
positive in their views, suggesting that the course in that year is somewhat more 
appropriate.
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N(each year group) = 80, N(total) = 240 χ2 df p
I understand it 
easily
Year 1 11 3 3 11 14 59
It is difficult
18.8 6 p < 0.01Year 2 16 3 9 26 14 33
Year 3 8 5 1 23 19 45
Total 12 3 4 20 15 45
Table 8.10    Survey Question 1(b)
Overall, the majority find science difficult.  This is less true for the second year, 
suggesting that they are coping better with the curriculum for that year.  
N(total) = 240
It is useful in 
my daily life Total 5 1 5 18 15 55
It is useless in 
my daily life
Table 8.11    Survey Question 1(c)
Sadly, the vast majority do not see science is useful for their lives.  This is remarkable, 
given the impact of the sciences on daily life.
N(total) = 240
It is interesting Total 8 4 7 18 19 45 It is boring
Table 8.12    Survey Question 1(d)
The vast majority see science as boring, while only  a few find it interesting.  This 
implies that the science curriculum may be being presented in a way  that is not 
attractive to the students and does not arouse their interest in the subject.  Equally, it is 
possible that the curriculum is simply inappropriate, no matter how well it is taught.
N(each year group) = 80, N(total) = 240 χ2 df p
It is 
complicated
Year 1 23 15 10 13 9 31
It is simple
12.2 3 p< 0.01Year 2 30 8 11 11 16 24
Year 3 15 6 21 21 15 21
Total 23 10 14 15 13 25
Table 8.13    Survey Question 1(e)
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The data show that 50% of the students see science as complicated and the same 
proportion see it is simple. This indicates a clear polarisation of views in all the years, 
1,2 and 3.    However, year 2 see things as even more complicated while year 3 show 
the least polarisation of view.  The differences in patterns probably reflects the specific 
topics being covered in each of the three years.
N(each year group) = 80, N(total) = 240 χ2 df p
I am interested 
in lab work
Year 1 10 6 13 11 15 45
I am not 
interested in 
lab work
17.2 4 p< 0.01Year 2 14 3 5 16 10 53
Year 3 23 5 20 18 14 21
Total 15 5 13 15 13 40
Table 8.14    Survey Question 1(f)
Firstly, it can be noted that the views of year 1 and year 2 students are mostly negative, 
with  year 2 being slightly more negative than year 1. On the other hand, the opinions of 
the year 3 students are more equally  divided, with 60% negative and 40% positive. This 
indicates that views of year 3 students are more scattered on this point than those of 
year 1 and year 2 students. While there is no obvious explanation for this, it may be that 
the opinions of year 3 students were affected by the fact that the unit being studied at 
the time the survey was carried out was chemistry, which requires the students to use 
the laboratory all the time.   
(2) Now think about your experiences in he laboratory
 Tick one box on each line.
 Laboratory work is interesting !!!!! Laboratory work is dull.
 I do not enjoy laboratory work. !!!!! I do not enjoy laboratory work.
 I learn many things in the laboratory. !!!!! I do not learn anything in the laboratory.
 Laboratory work is not important. !!!!! Laboratory work is important.
 Laboratory work is difficult. !!!!! Laboratory work is easy.
 I'd like to spend more time in the lab. !!!!! I'd like to spend less time in the lab.
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
Laboratory 
work is 
interesting
Year 1 8 1 4 23 9 56
Laboratory 
work is dull
13.9 4 p < 0.01Year 2 11 1 3 24 6 55
Year 3 5 1 9 45 11 29
Total 8 1 5 30 9 47
Table 8.15    Survey Question 2(a)
Page 195
Chapter 8
In most studies, school students indicate that labwork is much liked (Suzuki, 2007; Chu, 
2008, Al-Ahmadi, 2008). In contrast, here, the opinions of year 1 and year 2 students 
concerning laboratory work are mostly  negative.  The opinions of year 3 students are 
less negative than those of the students in the other and show a tendency to be more 
neutral.  Nonetheless, these patterns of very negative attitudes suggest that something is 
very badly wrong with labwork in Saudi Arabia, and it  is out of step  with most of the 
rest of the world.
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
I enjoy 
laboratory 
work
Year 1 9 19 29 3 13 29
I do not enjoy 
laboratory 
work
16.2 6 p < 0.05Year 2 16 5 16 8 18 38
Year 3 10 8 40 9 14 20
Boys 10 12 29 7 20 22
10.9 4 p < 0.05
Girls 13 8 28 5 9 36
Total 12 10 28 6 15 29
Table 8.16    Survey Question 2(b)
It can be seen from the table that the opinions of the year 1 and year 3 students are fairly 
evenly divided, with many  expressing a neutral opinion. However, students in year 2 
demonstrate a more negative tendency. In terms of gender, there is a considerable 
difference in the attitudes towards science, with boys having evenly divided views, with 
many neutral opinions, whereas girls’ views were more polarised and showed a stronger 
tendency to be negative.  Again, the pattern of responses is very different from world 
norms where enjoyment of laboratory work tends to be very high.
N(each year group) = 80, N(total) = 240 χ2 df p
I learn many 
things in the 
laboratory
Year 1 4 0 3 23 8 64
I do not learn 
anything in the 
laboratory
16.2 6 p < 0.05Year 2 11 3 3 28 6 50
Year 3 5 4 9 30 16 36
Total 7 2 5 27 10 50
Table 8.17    Survey Question 2(c)
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The views illustrated in Table 8.10 show a very strong tendency to be negative. 
This offers  an insight into what is going wrong.  If they feel they are not learning 
anything, then what is being done may be completely inappropriate.
N(each year group) = 80, N(total) = 240 χ2 df p
Laboratory 
work is not 
important
Year 1 19 6 28 11 6 30
Laboratory 
work is 
important
11.0 4 p < 0.05Year 2 15 3 21 6 13 43
Year 3 10 0 34 19 13 25
Total 15 3 28 12 10 33
Table 8.18    Survey Question 2(d)
Regarding the importance of laboratory  work, the distribution of responses for years 1 
and 3 are similar. However, the students in year 2 expressed more positive opinions in 
general, many considering laboratory work to be important.  This may be because the 
unit they are studying is physics and therefore the labwork may be more attractive and 
interesting to them.
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
Laboratory 
work is 
difficult
Year 1 21 5 28 13 6 28
Laboratory 
work is easy.
18.4 6 p < 0.01Year 2 13 6 16 11 10 44
Year 3 10 3 31 15 19 23
Boys 16 6 24 15 17 22
12.8 3 p < 0.01
Girls 13 3 26 11 6 40
Total 15 5 25 13 12 31
Table 8.19   Survey Question 2(e)
Opinions are fairly  scattered in relation to their perceived difficulty of laboratory  work. 
Laboratory work is seen as becoming easier with age although the effects are not neatly 
linear.  Regarding male and female students, it is clear that the girls find laboratory 
work easier than do the boys.  Of course, being educated separately, their experiences in 
the laboratory may be very different.
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N(total) = 240
I'd like to 
spend more 
time in the lab
Total 15 10 8 27 10 29
I'd like to 
spend less 
time in the lab
Table 8.20    Survey Question 2(f)
Sadly, the vast majority would like to spend less time in the lab, although a significant 
minority would like to spend more time in the lab.
(3) What are your feelings about science lessons?
 Tick one box on each line. 
 They are boring.!!!!!!! They are interesting.
 I like science lessons.!!!!!!! I hate science lessons.
 I understand them easily.!!!!!!! I just memorise them.
 I like going to the science club.!!!!!!! I do not like going to the science club.
 I do  not like discussion in the lessons.!!!!!!! I like discussion in the lessons.
 I'd like to spend less time in the lab.!!!!!!! I'd like to spend more time in the lab.
N(each year group) = 80, N(total) = 240 χ2 df p
They are 
boring.
Year 1 40 10 8 6 8 29
They are 
interesting.
19.1 4 p < 0.001Year 2 20 3 15 14 11 38
Year 3 6 6 16 13 26 33
Total 22 6 13 11 15 32
Table 8.21    Survey Question 3(a)
From the above, it can be seen that there was considerable polarisation among Year 1 
students, with slightly more perceiving science lessons as boring than interesting. A 
change can be observed in Year 2 students, as the majority  of these considered science 
lessons interesting, although many more were neutral than in Year 1.  Regarding Year 3 
students, another change can be noted, as the majority felt science lessons to be 
interesting, while very few considered them boring.
N(each year group) = 80, N(total) = 240 χ2 df p
I like science 
lessons.
Year 1 10 5 10 6 14 55
I hate science 
lessons.
14.4 6 p < 0.05Year 2 16 3 16 19 15 31
Year 3 8 3 13 14 21 43
Total 11 3 13 13 17 43
Table 8.22    Survey Question 3(b)
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The table above reveals that the majority of Year 1 students hate science lessons. 
However, fewer Year 2 students hate science, although those who hate it are still in the 
majority.  Moreover, compared to Year 1 students, slightly  more liked science lessons 
and more were neutral. Compared to the Year 2 students, fewer Year 3 students liked 
science lessons, while more hated them; around the same number were neutral. 
N(total) = 240 χ2 df p
I understand 
them easily. Total 12 4 5 21 14 44
I just 
memorise 
them.
Table 8.23    Survey Question 3(c)
Unfortunately, as the table above shows, the vast  majority  of students stated that they 
just memorised science lessons, while only a small percentage claimed to understand 
them easily. 
N(each year group) = 80, N(total) = 240 χ2 df p
I like going to 
the science 
club.
Year 1 14 5 11 18 13 40
I do not like 
going to the 
science club
13.2 6 p < 0.05Year 2 29 4 8 20 3 38
Year 3 16 13 11 25 4 31
Total 20 7 10 21 6 36
Table 8.24    Survey Question 3(d)
Regarding the science club, the majority of Year 1 students do not like it. In contrast, the 
number of Year 2 students who liked going to the science club was considerably higher, 
while fewer disliked it. However, compared to Year 2 students, there was greater 
polarisation among Year 3 students, as fewer liked going to the science club, fewer 
disliked it and more were neutral. 
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
I do  not like 
discussion in 
the lessons.
Year 1 38 19 14 11 5 14
I like 
discussion in 
the lessons.
30.6 6 p < 0.001Year 2 20 6 11 6 11 45
Year 3 13 13 18 9 18 31
Boys 17 16 17 12 12 26
10.0 4 p < 0.05
Girls 30 10 11 5 11 34
Total 23 13 14 9 11 30
Table 8.25   Survey Question 3(e)
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It is apparent that the majority of Year 1 students do not like discussion in the lessons, 
while comparatively few like it and many are neutral. However, the distribution is 
different for Year 2 students, as the majority  like it, while fewer are neutral and fewer 
dislike it.  There are slightly more  Year 3 students who like discussion in the lessons 
than there are those who dislike it.  Its not easy to see why these differences occur.
As far as gender is concerned, while boys are fairly evenly divided in their opinion of 
discussion in lessons, it can be noted that the girls are much more polarised in the 
views, with more liking it and more disliking it, while fewer are neutral. 
N(boys) = 120;  N (girls) = 120, N(each year group) = 80, N(total) = 240 χ2 df p
I’d like to 
spend less 
time in the lab
Boys 14 12 21 11 14 29
I’d like to 
spend more 
time in the lab
14.5 4 p < 0.01
Girls 29 8 15 6 6 35
Total 22 10 18 8 10 32
Table 8.26   Survey Question 3(f)
The data show polarisation: some want more time in the laboratory, others want less, 
but very few are neutral. The views of the girls are more markedly polarised. Clearly, 
their laboratory experiences have had powerful effects on them, both positive and 
negative.
(4) What do you like best about your science lessons?  
 Please tick the three things you like best.
 49 doing practical work
 39 preparing for a career
 48 learning about recent scientific discoveries 
 44 finding out about the applications of science in daily life
 40 learning how science can improve health
 31 learning how science can help the environment
 52 understanding how things work
Their views of the students are scattered with little either standing out or being ignored.
(5) What things made you become interested in science?
 Please tick the three which are most true for you
 50 TV programmes      
 23 books, newspapers and magazines
 55 teacher
 38 parents
 24 friends
 55 exhibitions, science centres etc.
 54 Internet
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The most important factors for the students relate to the more visual media (TV, 
exhibitions, Internet), while the teacher is an important influence, consistent with other 
studies (Reid and Skryabina, 2002a).  However, the pattern of responses is very 
different when compared to that obtained by Skryabina (2000), reflecting the very 
different cultures of the populations considered.
(6) What do you think about examinations in your school?  
 Please tick three which best reflect your experiences
 52 It is difficult to revise the whole year's syllabus for the final exam.
 15 The topics in the examination are not varied enough.
 61 I pass my examinations by trying to understand the ideas.
 20 We do not do enough revision in class.
 40 The examinations are easy.
 33 I often cannot remember how to do things in the exam.
 27 I find revising at home boring.
 57 I pass my examinations by memorising as much as I can
There is an interesting apparent contradiction between how they  pass examinations. 
They  try  to understand but seem to end up passing on the basis of recall of memorised 
material.  With the overcrowded curriculum (making revision of the entire year’s work 
difficult), we are left with the impression of a content-loaded, overcrowded curriculum 
where the rewards come from recall.  This almost certainly explains the patterns of 
negative views in previous questions.
(7) Here are some reasons why you should study science subjects.
 Please tick three which you think are most true.
 Science subjects:
 13 Help me to solve my problems.
 55 Are useful in daily life.
 59 Help me to understand the world.
 30 Important in improving the world.
 63 Help me to understand my body and be healthy.
 18 Science will help me to get a good job.
 39 Lead to important advances in medicine.
 15 Are important in developing my country’s economy.
There is a clear trend to see the value of science in terms of understanding aspects of the 
world around them but they do not see the sciences as useful in terms of personal 
problem solving, bringing benefit to the economy or improving the world.  The role of 
the sciences underpinning the job market is also unclear.
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The data for question 8 are summarised in table 8.27.
strongly 
agree agree not sure disagree
strongly 
disagree χ2 df p
(a) Science teaches me a good way to think
Total 2 3 20 42 33
boys 2 2 15 47 35
6.4 2 p < 0.05
girls 2 5 25 36 32
(b) I do not believe anything before I have evidence Total 12 8 21 25 34
(c) I accept that what my science teacher tells me is correct Total 3 5 22 33 38
(d) I like to question everything I am taught Total 5 11 22 30 32
(e) TV is very accurate as we can see what is actually happening Total 9 11 30 22 29
(f) I like to look carefully at the evidence before I give my opinion Total 4 6 22 25 43
(g) I find drawing conclusions from evidence is often difficult
Total 8 15 31 13 16
boys 4 13 28 34 21
9.9 3 p < 0.05
girls 13 18 34 25 11
Year 1 8 11 38 21 23
15.3 6 p < 0.05Year 2 13 20 30 26 11
Year 3 5 15 25 41 14
(h) Those in authority say what is correct Total 13 18 38 19 14
(i) Science textbooks are not very accurate in what they teach Total 17 19 29 18 17
(j) I think it is important to link ideas together in my mind Total 5 9 14 24 48
(k) Not everything is a textbook is true
Total 16 22 33 17 12
boys 15 16 29 26 15
17.8 4 p < 0.001
girls 17 29 37 8 9
Year 1 9 19 30 28 15
12.8 4 p < 0.05Year 2 21 18 39 14 9
Year 3 18 30 30 10 13
(l) The main thing in science is to memorise the facts Total 3 11 33 28 25
(m) Scientific knowledge is always clear cut Total 5 10 42 24 19
(n) Newspaper reports are a reliable source of information on science topics Total 10 10 35 24 22
(o) My studies in science have helped me to think more carefully Total 5 5 18 25 47
Table 8.27    Survey Question 8
The picture offered by the response patterns to the question above is somewhat confusing.  They 
tend not  see science teaching them a good way to think or to think carefully (items a and o). 
This is a matter of concern, suggesting that  the curriculum is inappropriate or the teaching 
inappropriate or both.  They seem unsure what  to believe.  In one question (b), evidence seems 
unimportant  but  they do not want to question (d).  They are hesitant  on the accuracy of what 
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teachers tell them, what TV shows or what  newspaper offer (c,e,n) but do not want  to look at 
evidence before giving an opinion (f). 
Perhaps the key insights are gained in items (j) and (l).  The latter perhaps shows the way 
success has been dominated by the requirement  to memorise and they do like this.  Therefore, 
issues like looking at  evidence critically simply do not  arise.  This is illustrated in the former 
when understanding (bringing ideas together) is not  supported.  This offers no credit in a recall-
driven education system.
Overall, the pictures given seem to reflect  an education system where there is unrelenting 
pressure to cover the curriculum and memorise as much as possible.  There is little scope for 
critical thinking or even for attempting to understand.  Therefore, it is unsurprising that  attitudes 
towards their studies in the sciences are somewhat negative.
8.8 Critical Thinking Scores
Using both approaches in awarding marks, distributions closely approximating to 
normal were obtained (Figure 8.6).
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Figure 8.6   Critical Thinking Score Distributions
In looking at the three age groups, the following data were obtained (table 8.28).  The t-
test values are identical irrespective of the way of scoring.
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N Mean (%) Standard Deviation (%) t-test p Comparison
/23 /8 /23 /8
Year 1 80 46.7 38.5 Means 
rise
with
age
18.3 13.2 Standard
Deviation
reduces
with age
1.4 n.s Year 1 - Year 2
Year 2 80 50.0 41.0 14.8 11.7 0.9 n.s Year 2 - Year 3
Year 3 80 52.2 42.7 12.2 11.0 2.2 < 0.05 Year 1 - Year 3
Table 8.28   Comparison between the 3 years in critical thinking test
From the table above, it can be seen that there is a statistically significant  relationship 
between year 1 and year 3, which suggests that the critical thinking abilities of year 3 
students are more developed than those of year 1 students.
Overall, the data suggest that skills in critical thinking grow with age.  However, the 
drop off in standard deviations was unexpected.  There may be three possible reasons 
why the critical thinking skill may grow with age (derived from Hindal, 2007):
The reduction of standard deviation with age means that there are fewer students with 
relatively low or high scores as they become older.  This can be illustrated using 
histograms, using the data marked out of 23 ( the histograms are similar irrespective of 
the way scoring was undertaken but the larger scale gives a clearer picture)
The histograms illustrate the way the means rise with age while the standard deviations 
fall with age (Figure 8.7):
Genetic development: like working memory capacity, the skill may simply 
develop with age.
Learning experiences: these may encourage increased levels of critical thinking.
Choice: the learners may find this kind of thinking helpful and choose to use it 
more.
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Figure 8.7    Critical thinking scores 
It can be seen that the histogram of year 1 moves slightly to the right in comparison to 
the histogram of year 2. The mean is rising, but it is becoming narrower.  Looking at 
the histogram for year 3, it can be seen that the central pillars are taller and it has 
moved in from the edges.
The three graphs can be placed side by side and then placed on top of each other.  The 
effect is then very easy to see (Figure 8.8).
Year 1
Year 2
Year 3
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Year 1
Year 3 1,2and3
Year 2
Figure 8.8   Falling Standard Deviations 
However, the three histograms placed on top of each other allows the pattern to be seen. 
It is clear that the critical thinking means have risen but they  have also moved towards 
the centre. 
A possible explanation for the observed trends can be offered in the following thought 
sequence: 
It is known that working memory capacity grows biologically with age;
Critical thinking must take place within the working memory;
Therefore, critical thinking skills will grow with age;
The education system in Saudi Arabia tends only to reward recall;
Therefore, students are increasingly ‘forced’ to conform and not  challenge new 
knowledge;
Therefore, the spread of critical thinking skills narrows with age as this effect increases.
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8.8.1 Analysing the Test by Question
Looking at the Critical Thinking Test, correlations of each question against the total 
score (using Pearson correlation) are shown in table 8.30.
Questions Pearson Correlationwith Total Score
1 0.36
2 0.40
3 0.25
4 0.26
5 0.39
6 0.42
7 0.29
8 0.65
Table 8.30   Item Analysis
It is encouraging that all the questions correlate positively (and significantly), with the 
total score.  It is interesting to see how high the correlation value is for question 8 
which explores the logic of correct deduction.  Is this perhaps a key element in critical 
thinking?
8.9 Working Memory Capacity Analyses
The measurements of working memory capacity were correlated against science marks 
gained (table 8.31).
Pearson Correlation
Year Working Memory Capacity
Science Marks
1 0.46 p < 0.001
2 0.49 p < 0.001
3 0.30 p < 0.001
Table 8.31   Working Memory and Science Marks
As expected, the capacity of working memory correlates very significantly with 
performance in the science examination.  The results are typical.  For example, Reid 
(2009) quotes results from many experiments in many countries which show Pearson 
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correlation values ranging from 0.2 (a test of total recall) to 0.69.  The work of Hindal et 
al. (2009) shows that the effect is true for all subjects but the correlations tend to be 
higher for science-mathematics subjects, reflecting their conceptual nature which places 
more demand on working memory.
The measured working memory capacities were then correlated with the scores from 
the critical thinking test (table 8.32).
Pearson Correlation
Year Critical Thinking
Out of 8 Weighted
Working Memory 
Capacity
1 0.03 0.02
2 -0.07 -0.08
3 -0.13 -0.10
Table 8.32    Working Memory Capacity and Critical Thinking
Johnstone (1997) established that working memory capacity controls the rate of 
learning (considered as understanding) and problem solving. Hence, it  is possible that it 
also controls critical thinking. All the correlation coefficients in table 8.28 are non-
significant, showing that the capacity of working memory  does not relate to 
performance in the critical thinking test. As thinking has to take place in the working 
memory, this means that the demand level (Johnstone, 1997) or cognitive load 
(Kirschner et al., 2006) of the questions falls well below the limitations of working 
memory capacity for this student group.  In simple terms, the test is NOT a measure of 
working memory capacity.
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8.10 Working Memory and Age
Table 8.33 shows that working memory capacity  grows with age, confirming all 
previous studies.  This is known to be due to cognitive development (Miller, 1956).
ANOVA
Year Mean F p
Working Memory 
Capacity
1 4.0
17.5 << 0.0012 5.0
3 5.2
Table 8.33    Working Memory Capacity and Age
8.11 Critical Thinking and Science Marks
Table 8.34 shows the relationship between the critical thinking test sores and the 
science scores.
Pearson Correlation
Sample Year Critical Thinking
Scored put 
of 8
Scored out 
of 23 p
Science Marks
80 1 0.53 0.50 < 0.001
80 2 0.21 0.18 n.s.
80 3 0.01 0.05 n.s.
Table 8.34    Critical Thinking and Science Scores
For two year groups, the correlation values are not significant.  However, for year 1, 
highly significant correlations are found. 
Possible explanations or this pattern of results can be presented:
The curriculum for each year group varied, with different emphases on different 
disciplines within the sciences;
However, the values of the correlation coefficients fall with age, suggesting that  critical 
thinking is increasingly less important with age in the examinations employed;
As the examinations tend to to focus almost  entirely on recall, it  seems that  this 
emphasis may be de-emphasising critical thinking skills.
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8.12 Survey and Critical Thinking Scores
The main purpose of the survey was to explore whether responses to the survey 
questions related in any way  with the scores obtained in the critical thinking test.  With 
the survey data being ordinal in nature, Kendall’s Tau-b was computed for the 
distribution patterns for each item in the survey  related to the total score in the critical 
thinking test.
Only two correlations exceed 0.10, the values being 0.11 and 0.12.  Of greater 
significance was the finding that the correlation values for the items in question 8, all of 
which were trying to explore critical thinking, were extremely low.  The values hovered 
around zero, with the highest value being 0.07.  No correlation approached significance 
at the 5% level.
Thus, the self-awareness of these students in relation to critical thinking did not relate in 
any way to the outcomes of the test that was designed to measure critical thinking.  This 
is consistent with the findings of Hindal (2007) when she looked at survey responses in 
relation to established tests for field dependency and extent of divergency, working with 
13 year old students.  She deduced that students at that age were unable to see 
themselves in relation to these learner characteristics in ways consistent  with the 
measurements obtained from valid tests.  This illustrates the danger of using surveys 
and questionnaires to measure such variables.
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8.13 Gender Comparisons
N (boys) = N (girls) = 120 Mean Std Dev t p
Critical Thinking
Totalled 
out of 8
Boys 3.5 1.0
2.4 < 0.05
Girls 3.1 1.0
Totalled 
out of 23
Boys 12.l 3.6
1.1 n.s.
Girls 10.7 3.4
Working Memory 
Capacity
Boys 4.85 1.2
0.78 n.s.
Girls 4.70 1.7
Table 8.35    Gender Comparisons
Table 8.35 above shows no gender differences with working memory, confirming 
previous studies.  There may be marginal gender differences for performance in the test 
of critical thinking, with the boys performing slightly better.  This is consistent with the 
findings of Al-Ahmadi and Reid (2012) when they showed the greater willingness of 
girls to memorise and the parallel greater commitment of boys to work things out, 
avoiding memorisation.
8.14 Conclusions
In this chapter, a new test of critical thinking has been described. It was used with a 
large number of students in Saudi Arabia in the age range 13-15 and 3 year groups. 
Data from four measurements have been considered.  The overall aim has been to 
explore the test of critical thinking to see if there is any evidence that it measures 
critical thinking rather than simply being a test of understanding or recall, or is 
controlled by working memory capacity.
The relationships which have been found between the various measurements are 
summarised in Figure 8.9, overleaf.
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Figure 8.9    Relationships between Measurements 
The main issue was test validity. That is, was it really measuring what it was meant to 
be measuring? To gain a better understanding of validity, data on the following were 
also obtained: working memory capacity, school science marks, and a survey of the 
perceptions of pupils of critical thinking. 
The school tests simply measure recall.  Thus, the test devised to measure critical 
thinking does not seem to measure recall nor does it relate to working memory capacity. 
The working memory is where critical thinking must take place but the data show that 
the size of the working memory is not influencing the performance in the test of critical 
thinking. 
The test of critical thinking was constructed on the basis of a careful analysis of the 
nature of critical thinking.  The outcomes from this experiment support its validity 
although there can never be certainty in that critical thinking does not appear to have 
been measured by a test before in any research.
There are numerous other important findings:
(1) The majority of pupils, both girls and boys, have a negative view of science, such as 
“I don’t like science”, “science is difficult”, “science is boring”, “complicated”. 
(2) Regarding lab work, it  was revealed that the views of year 1 and year 2 pupils were 
mostly negative but in year 3, views were  more positive.
Test of 
Critical 
Thinking
Test of 
Working 
Memory 
Capacity
Science 
Marks
Survey of 
student 
perceptions
Highly 
significant 
Correlations
(0.30 to 0.49)
All correlations
not significant
Correlations fall 
with age
(from 0.53 to 0.01)
All correlations
not significant
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(3) The majority of males and females in all grades stated that they just memorised 
science lessons. 
(4) The most important influences for the pupils came from the visual media (i.e. the 
internet and TV), although teachers were also claimed to have a strong influence. 
(5) There appears to be a contradiction in how the pupils pass examinations.  As it 
seems that the majority depends on memorisation, only a few will have tried to 
understand what they have been taught.
(6) The pupils appear unclear as to the part played by science in finding a job.
(7) Girls agreed more than boys with the statement; “I find drawing conclusions from 
evidence is often difficult.”
(8) Critical thinking skills increase with age. This may be attributed to one of (or any 
combination of) three main reasons (genetic development; learning experience, and; 
choice (Hindal and Reid, 2012).  
(9) Unexpectedly, the standard deviations from data from the critical thinking tests fell 
with age.  This shows that the pupils are tending towards an ‘average’ position with 
age.
(10) The critical thinking test  had 8 questions and each was significantly positively 
correlated with the total of the same test, indicating that  each question was 
discriminating positively. 
(11) Working memory is significantly correlated with performance in science 
examinations. 
(12) Working memory grows with age due to cognitive development  but is unrelated to 
gender (Miller, 1956).
(13) Correlation values for the items in Question 8 related to scores in the critical 
thinking test  were all very low and non-significant.  This is consistent with the 
finding that  self-report  is unreliable in seeking measure a skill like critical thinking 
(Hindal, 2007).
The next chapter concerns whether critical thinking skills can be developed?
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Chapter Nine
Can Critical Thinking Skill be Developed?
9.1  Introduction
The aim of the second experiment is to determine whether the skills of critical thinking 
can be developed in science subjects studied by students (both male and female) at the 
intermediate stage of education in the City  of Taif, Kingdom of Saudi Arabia. For this 
purpose, new teaching materials were developed seeking to encourage these skills.
Table 9.1 summarises the key features of what was done.  The overall aim was to 
attempt to develop new teaching materials and see if there is any  evidence that the use 
of such materials with school students brought about any improvement in critical 
thinking skills.  These were measured using the same test used previously, with very 
minor modifications.  Other data were obtained to explore how the outcomes from the 
critical thinking test related to measured working memory capacity, science 
understanding, and school performance in science examinations which largely tested 
recall.  In addition, a survey of student views was conducted and interviews of 
inspectors and teachers were carried out to see their reaction to the new approach.
Experiment 2    Developing Critical Thinking Skills
Develop teaching material for two age groups Used over 8 week period  (age 13 and age 15)
Measure critical thinking after using materials Previous test (amendments merely ‘closed’ questions)
Measure working memory capacity Figural intersection test
Obtain school science marks Normal school science marks
Survey of school student views Same format as for experiment 1
Apply a test of science understanding New test, much in Structural Communication Grid format
Interview inspectors and teachers 98 interviews, each lasting 25 minutes
Table 9.1    Outline of the experiment
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9.2  Main Research Questions
The following questions were addressed:
(1) Can critical thinking skills be described operationally?
(2) Can critical thinking skills be measured?
(3) Can critical thinking skills be developed?
(4) How do critical thinking and its possible development relate to:
 Attitudes towards science subjects
 Performance of Saudi students in examinations
 Performance of students in understanding science 
 Age of students
 Gender of students?
(5) How do teachers and inspectors see critical thinking and its development?
This chapter presents the procedural steps (methodology) followed by the researcher to 
secure the data needed for this study. It  also describes the study methodology, the 
determination of the population and sample of the study, as well as the steps followed in 
the process of constructing the study units, in preparing the study books and in field 
application of the study. The statistical techniques used in processing the data are also 
presented.
9.3  Preparing Study Manuals 
A general outline is given of what was done, followed by details of the actual teaching 
materials.  A booklet  for  year 1 entitled, “The World Around Us” and a booklet for year 
3 entitled, “The World About Us” were developed.  Two booklets were needed, as the 
curricula differ for the two years.
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9.3.1 Choosing the Learning Content
The two units were based on the Saudi curriculum for years 1 and 3:
(1) These units contain basic scientific concepts that represent the principal foundations 
for the subsequent learning of students at later study stages.
(2) The units include topics relevant  to the lives of the students, such as metals and non-
metals, mixtures, compounds, work, energy, speed and motion and so forth. 
(3) The subject  material offered scope for group discussion and opportunity to reflect on 
the the source of the information, how it was developed and understood, as well as 
how the new material related to what  has been taught before and how it  fitted with 
wider issues of life.
The content could not be altered and the time allocation was fixed.  What was done was 
to re-think the presentation of the content in such a way that there were opportunities for 
critical thinking for the learners. It was important the units covered the material exactly 
as laid down in the Saudi curriculum. The aim was that  the only change related to 
method of presentation. This involved:
(1) Specification of the general objectives of the units, in the context of developing 
critical thinking (see appendix 8, 10).
(2) Analysis of the content of the scientific subject  content, to ensure that the coverage 
matched the Saudi curriculum precisely. 
Holsti (2002 cited in Sabri and Kamal, 2001) and Said (2003) describe a way to check the 
curriculum coverage. This involves analysing the scientific content of the selected units (Al-
khaleely et al, 1996). This was done twice, at a four week interval. The analyses were then 
compared to find the ratio of agreement and the outcomes are shown in table 9.2.  The 
mathematical basis for this is shown in the appendix 13.
Grade Points of first agreement
Points of second 
agreement
Points of 
agreement
Ratio of 
agreement
First 85 97 85 0.97
Third 87 99 87 0.94
Table 9.2    Curriculum Consistency
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9.3.2 Structure of the student booklets
Both booklets take the learners through a series of tasks, interspersed by input of 
information:
Year 1 The World Around us
This is introduced as follows:
Introduction
Have you ever thought about how the world works?  For centuries, scientists have been 
exploring how the world works and trying to understand why things behave in the way they do.
This booklet introduces you to some of the ways by which the world works.  It looks at the 
amazing variety in the materials all around us each day.   It will give you some understanding of 
how everything is constructed and why it behaves as it  does.  The aim is that you begin to 
understand how things work.  Keep asking yourself (your fellow students and your teacher) until 
you feel you are making sense of everything.
The underlying aim is stimulate the learners to think critically.  They are encouraged to 
ask questions of the new information given to them, to question its source and validity, 
and to see how the new insights relate to what they already know.  While the content 
reflects the curriculum, the way it is presented is radically different.  The aim is to 
discourage rote memorisation and, by means of developing questions and challenges, 
they learners are encouraged to seek to understand, to question, to think things through.
How to use this Booklet
Follow this booklet carefully as directed by your teacher
Discussion
Time
Question
Time
Practical
Time
Discuss in a small group, using internet if you wish.
Answer the questions on your own
Some practical to do
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Year 3 The World About us
The year 3 booklet has a parallel introduction although the subject matter is very 
different.
Introduction 
Have you ever thought about how the world is constructed?  The first suggestion that all 
matter was made up of very small particles was made by the Greek philosopher, 
Democritus, in 440BC.  He asked the question, “if I cut this object in half and then each 
bit in half, can I go on forever?’  He suggested that there would come a time when he 
would be down to the fundamental particles.  They would be ‘uncutable’.  The Greek 
word for ‘uncutable’ is ‘atomos’.  This gave us our word ‘atom’.
This booklet is all about the world of atoms and how they behave.  These tiny particles 
behave in the most amazing and strange ways and you will discover much about how our 
world is constructed.  The aim is that begin to understand how things work.  Keep asking 
yourself (your fellow students and your teacher) until you feel you are making sense of 
everything.
The structure of the booklets is outlined in tables 9.3 and 9.4.  The complete booklets in 
English, are shown in appendix 10.  Every  topic is divided into three parts: discussion 
time (“Discuss in a small group, using Internet if you wish”); question time (“Answer 
the questions on your own”), and; practical time (“Some practical work to do”).  In 
every  class, the students are divided into groups of three to work together. Each group 
has one booklet. 
How to use this Booklet
Follow this booklet carefully as directed by your teacher
Discussion
Time
Question
Time
Practical
Time
Discuss in a small group, using internet if you wish.
Answer the questions on your own
Some practical to do
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The booklet  includes the following topics: molecules; atoms; electronic distribution; 
type of chemical bonds; valency; compounds and mixtures; chemical equations; types 
of chemical reaction, and; chemical union rules, as indicated by the titles of the lessons.
The booklet, entitled “The World Around Us”, is for Year 1. The researcher's proposed 
strategy is for this booklet to be used in the classroom. Every topic is divided into three 
parts: discussion time (“Discuss in a small group, using Internet if you wish”); question 
time (“Answer the questions on your own”), and; practical time (“Some practical work 
to do”).   In every  class, the students are divided into groups of three to work together. 
Each group  has one booklet.  A summary  of the booklet is shown below as an example 
and the whole booklet can be seen in Appendix 8.  
The World Around Us
TOPIC
1. How Does the World Behave? 5. Inside Atoms
2. Gases, Liquids and Solids 6. Forces and Movement
3. More about Particles 7. Leverage
4. Chemical Change 8. Newton’s Laws
               Table 9.3    Topics for Year 1
The booklet for Year 3 is entitled “The World About Us”.  A summary of this booklet is 
given in table 9.4 below and the complete booklet can be seen in Appendix10. 
The World About Us
TOPIC
Some Elements and their Dates of Discovery How Atoms are Constructed
Making Life Simpler More about Atom Linking
Metals and Non-Metals Valency and Chemical Equations
How Common are the Elements? The Meaning of Chemical Equations
An Element Game Balancing Equations
A World of Molecules More about Atomic Nos. and Mass Nos.
Table 9.4    Topics for Year 3
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9.3.3  The Teachers’ Guides
Teachers guides were prepared with the aim of providing each teacher with guidance on 
how to use the booklets. In Saudi Arabia, teaching is essentially lecturing. The booklets 
were designed to replace the lecture. However, the teachers had to move from being 
suppliers of information to becoming managers of use of the booklets.  No attempt was 
made to train the teachers in moving towards new goals.  The guides merely provided 
them with guidance in using the booklets with the learners as well supplying useful 
background information and possible answers to the questions asked.
The teachers’ guides are show in full, in English, in appendices 9 and 11.
9.4  Study Population
The population of the study comprises all male and female students in the first and third 
grades in the public intermediate schools in the Taif area in the first academic term of 
the school year 2010/2111. From this population, the following sample was chosen.
Each grade was represented by six boys schools and six girls schools. Three boys 
schools and three girls schools in each grade formed the control groups, while the 
remaining schools constituted the experimental groups. There was a total of 800 
students (400 boys and 400 girls) in each grade, making a total of 1,600 students. 
Hence, the control groups for each grade contained 200 boys and 200 girls, as did the 
experimental groups. In fact, most of the original samples had contained slightly more 
than 200 members. This was done deliberately, as the researcher required 200 in each 
group and realised that some would be absent through illness and miss one or more 
tests, while others would change schools or move to another area before the final test. 
The following table indicates the distribution of the study sample.
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The actual students to be involved in all groups were selected totally randomly.
Grade Boys Girls
Control Experiment Control Experiment
Before After Before After Before After Before After
Class 1 207 200 205 200 206 200 202 200
Class 3 203 200 205 200 204 200 208 200
Total 410 400 410 400 410 400 410 400
Table 9.5   Distribution of the study sample
The large sample was determined by the need to be able to compare experimental and 
control groups, taking gender into account. Statistical analysis becomes very  sensitive 
with samples around 200.
Zaitoon (2004) argues that the basic rule in inferential statistics is that the larger the 
sample size, the better the representation. However, this argument is weak. If the 
purpose is simply gaining a description of what is happening, then it is fine. However, 
in studies where inferential statistics are to be used (as here), probability issues become 
important. Probability  reveals what is significant and takes account of sample size. The 
key issue is to have a sufficient sample where the statistical techniques are sensitive 
enough to reveal significant differences. A sample where the key  sub-groups are around 
200 in size will allow most statistical techniques to be sufficiently sensitive.
Ateefah (1996) defines the sample as a group or groups of individuals derived from the 
original population and presumed to be representative of the actual population.  Shafeeg 
(1998) notes that the sample should be representative of the original population while 
all units of the original population would have an equal chance of being selected. 
The researcher employed simple random sampling wherein the total original population 
was identified, and from this population a choice is made, with each individual in the 
population having an equal chance of being selected as a member in the sample.  
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Figure 9.1    The Second Experiment (Source: Author)
For each student, four sets of data were obtained (table 9.6)
N = 1600 Girls Boys Test 
TimeYear 3 Year 1 Year 3 Year 1
Student Perceptions 400 400 400 400 15 m
Working Memory Test 400 400 400 400 20 m
Critical Thinking C 400 400 400 400 25 m
School Marks 400 400 400 400
Understanding  Test 400 400 400 400 30 m
Table 9.6   Measurements made
9.5 Validity and Reliability
Table 9.7 summarises the way validity was approached in the four measurements.
Measurement Test Used Evidence of Validity
Student Perceptions Survey Items developed to match test specifications seeking to ensure face validity
Working Memory Test Figural Intersection Test Well-established test of assured validity (Elbanna and Johnstone, 1986, 1989)
Critical Thinking Test New Test
Construct validity from test specifications related to 
construct analysis, analysed by ‘experts’, tested in 
experiment 1.
School Marks As obtained As valid and reliable as any school marks can be
Understanding Test Structural Communication Grid Test items scrutinies by ‘experts’ to ensure face validity
Table 9.7    Validity of the Tests Used 
Reliability  was ensured by the use of large samples, and good test conditions (students 
were assured of no hidden agendas).
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9.6  The Tests used in this Experiment
The critical thinking test was slightly modified because, in the previous experiment, 
student handwriting was poor and often difficult to read and also because having to 
write affected the time needed for the test, making it longer. In Saudi Arabia, tests are 
almost all in multiple choice or fill-in format. Students are not familiar with any 
extended writing.
In the light of this, the open-ended questions in the test were modified so that all the 
questions became more closed. The changes introduced were small. However, in the 
tests of working memory capacity, the survey remained unaltered, while a new test of 
understanding was developed to reflect the material being taught. The school marks 
were taken directly  from the schools.  While the test were very similar across schools, 
they  were identical. Therefore marks were standardised (the procedure is described in 
the appendix).  The modified Critical Thinking Test is shown in full in the appendix (4).
9.7 Tests of Understanding 
There were two tests of understanding - one for grade 1 and one for grade 3.
The test  for grade one had nine questions, seven of which involved a structural 
communication grid, while the other two were physics/mathematics questions.  All these 
questions correspond to the curricula in chemistry and physics. 
The test for grade three had seven questions, three of which were structural 
communication grids, one was a question on terms, one on formulae, one on valency 
and the other on balancing. 
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9.7.1 Structural Communication Grids
Egan (1972) developed the idea of the structural communication grid. It  has been used 
by a number of researchers and in a number of research organisations for diagnostic and 
summative testing (Bahar and Hansell, 2000). Moreover, it has been used in many 
disciplines (Chu, 2008). Structural communication grids are frequently  used to assess 
student understanding by testing the connections between ideas that are held in their 
minds (Bahar and Hansell, 2000; Hassan et al., 2004). In a large study, Johnstone and 
Ambusaidi (2000, 2001) showed the power of the approach in assessing conceptual 
understanding.  This led Johnstone (2003) to argue that the structural communication 
grid is a strong technique for assessment. Indeed, its greatest  strength lies in its ability  to 
measure conceptual understanding while, at the same time, many of the known pitfalls 
associated with multiple choice testing are avoided or greatly reduced (see Johnstone 
and Ambusaidi, 2000, 2001; Reid, 2003).
An example illustrates the approach:
There are six words in the table.   
A
Lungs
B
Nose
C
Heart
D
Artery
E
Kidney
F
Vein
You are now asked some questions.  
You have to use the letters in the boxes to show which answers you have chosen.
You can use more than one letter.
(a) Which are important for breathing? The answers are A and B.   
  We can breathe through our noses and the air goes into our lungs
(b) Which are important in moving blood around our bodies? The answers are C, D and F
  The heart pumps the blood into our arteries and it comes back to the heart through our veins.
(c) Which is important in removing water from the body? The answer is E
  The kidneys remove water and send it to the bladder.
(d) Which cannot be seen with your eyes The answers are A, C, D, E
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Questions are presented in the form of a numbered grid; this grid serves to contain a 
variety of information (Al-Qasmi, 2006). The boxes in the grid may contain words, 
phrases, images, definitions, formulae, equations, numbers, chemical structures and so 
forth (Al-Qasmi, 2006; Chu, 2008). It is possible to ask several questions to which there 
may be more than one correct response, while the same response may  be applicable to 
more than one question (Al-Qasmi, 2006).  The students do not know how many boxes 
are associated with each question when they encounter this type of test.  The students 
must examine each box in order to decide whether a given box is part of the answer to 
the question. Hence, according to Bahar and Hansell (2000), the students’ ability to 
choose what is relevant and what is irrelevant is revealed. 
The size of the grids can be selected in accordance with the age of the students using 
them. For instance, for first-year secondary school pupils, Johnstone and Ambussaidi 
(2000; 2001) and Johnstone et al. (2000) recommend 9 boxes (3 x 3), while grids with 
12 or 16 (3 x 4 or 4 x4) boxes can be used with older students and for university 
undergraduates, larger grids of 20 boxes (4 x5) can be used (Bahar, 1999).  Chu (2008) 
also points out that the structural communication grid is suitable for students’ self-
assessment. In addition, in schools, use of a structural communication grid allows 
educators to see where the misconceptions and incorrect  associations are in a student’s 
mind and to understand to what  extent the student’s knowledge is complete and 
interconnected (Johnstone et al., 2000).
It is possible to mark papers set  in this format using the simple formula (this can all be 
done easily by computer using any spreadsheet):
It is worth noting that candidates find these questions mentally exhausting. A student’s 
scores range between +1 and -1 for each question asked. 
Number of correct answers selected
Total number of correct answers
Number of wrong answers selected
Total number of wrong answers
–Mark for each question = 
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Reid (2006a) notes a number of advantages to using the structural communication grid. 
Among these advantages are:
“(a) They are much easier to set than multiple choice questions
(b) Guessing is virtually eliminated as the student has no way in advance of knowing how 
many answers are expected.
(c) The correct responses offered by a student reveal something of the fundamental 
concept; for example, if there are three correct answers but many students have missed 
the same one of the three, we gain clear evidence of a knowledge gap. 
(d) The wrong answers offered by the students reveal something of the misunderstanding 
and misconceptions: for example, if many students add a particular wrong answer, this 
can reveal a misconception or misunderstanding.
(e) There are several ways to score such a test.
(f) Clear patterns of responses are highly informative.
(g) You can ask many questions using one grid, gaining useful insights into many aspects 
of some concept or areas of interest.”
(Reid, 2006a, p.24).
Another example (from Hassan et al, 2004) illustrates the power of such questions:
 Look at the boxes below and answer the questions that follow.
 (Boxes may be used as many times as you wish)
LKJI
HGFE
DCBA
Select all the boxes which contain:
(a)  An isomer of the molecule shown in box A ..................................
(b) An isomer of the molecule shown in box D ..................................
(c) An isomer of the molecule L ..................................
(d) A molecule which is identical to the molecule shown in box F ...............................…
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The questions (a) and (b) related to boxes A, D G, I. However, while D and I are 
isomers of A, G and I are isomers of D.  Similar subtleties exist for questions (c) and 
(d).  This offers the teacher a very useful insight  into how two and three dimensions are 
being perceived by the students.
9.8 Interviews with Teachers and Inspectors
The interviews were conducted with the purpose of eliciting the views of teachers and 
inspectors of science, both male and female, in Saudi Arabia on critical thinking in 
science education at intermediate school level in Saudi Arabia. These semi-structured 
interviews permitted the teachers and inspectors concerned to express their views freely 
on the topic. Interviews may be structured, semi-structured or totally open (Reid, 2003). 
Figure 9.2   Types of interview (Reid, 2006a)
For semi-structured interviews, the interviewer established a general framework by 
deciding what basic questions he would ask and what information he wished to elicit. In 
this way, according to Reid (2003), the interviewer is able to focus on certain significant 
areas, while at the same time the interviewees are able to express themselves freely. The 
semi-structured interview technique enables interviewers to ensure that the questions 
are fully understood by the interviewees and to explain anything they are unsure about 
(Henderson et al., 1987).  The use of open-ended questions allows the interviewer 
considerable flexibility (Alenezi, 2008).  
The interviews were carried out with male science teachers and male inspectors in their 
work places; that is, schools and the offices in the Ministry of Education, respectively. 
Due to cultural barriers in Saudi Arabia, it  was not possible for the researcher to meet 
Highly 
structured
Totally 
open
Semi-structured
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female teachers and inspectors personally. He was able to interview some of them on 
the phone, and the others were interviewed by  a female relative of the researcher, who is 
herself an experienced inspector of mathematics.  
Each interview lasted approximately 25 minutes. Before beginning the interviews, the 
interviewer assured the interviewees that their answers would be used only  for academic 
purposes and their identity would not be revealed. They  were also assured that  the 
interviewer was not a representative of authority. In addition, they were informed that 
they could terminate the interview at any point without needing to give a reason.
One problem which the interviewer encountered was the choice of which method to use 
to record the interviews. Reid (2006a) noted that the interviewer has the choice between 
taking notes, or tape-recording the interviews and transcribing them afterwards.  It was 
decided to make notes of the general meaning of the interviewees’ words, although 
sometimes any pertinent quotations were written down verbatim. These notes were then 
written up immediately  after the interview and then translated into English by the 
researcher.  This was in order to make the interviewees feel at  ease, as many of them 
may not had they known their words were being tape-recorded. The interviews were 
carried out in a relaxed and friendly atmosphere. 
The interviews began with three rules (get interviewees to relax and talk; take a few 
notes; make sure that they know you are not in authority). This was followed by an 
introduction in which five general questions about the interviewee were asked (see 
Appendix 7). Then there were nine questions on critical thinking, and five questions on 
critical thinking and assessment. These were followed by four questions on the future 
(see Appendix 7).  In addition, a short explanation was given about how the interviewer 
saw critical thinking and understanding (see Appendix 7).
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9.9  Conclusion
This chapter has presented the second experiment, the aim of which was to determine 
whether critical thinking skills could be developed in science subjects by  students (both 
boys and girls) in the first and third years of Intermediate school in Saudi Arabia. To 
this end, new teaching materials were developed to see whether there was any evidence 
that they could assist in developing thinking skills in the students in question.
This experiment consisted of seven stages (see table 9.1). The chapter described the 
booklets for students. The booklet for year 1 was entitled “The World Around Us” and 
that for year 3, “The World About Us”.  Two booklets were needed, as the curricula 
differ for the two years. The teachers’ guides (see appendices 9 and 11) were also 
described. These give the teachers advice about their role in encouraging the students to 
think critically. 
The sample was 1,600 students, 800 in each class (400 boys and 400 girls). These were 
further divided into control and experimental groups for each gender, with 200 students 
in each group. 
The tools used for this second experiment included the same tests of students’ 
perception and working memory that had been used in the first experiment. The critical 
thinking test  was modified very slightly. There were two separate tests of understanding 
for the two classes due to the difference in curriculum. The students’ school science 
marks were obtained and interviews were carried out.
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Chapter 10
Data Obtained
10.1 Introduction
The aim of the second experiment is to determine whether the skills of critical thinking 
can be developed in science subjects studied by pupils (both male and female) at the 
intermediate stage of education (age 13-15) in the City  of Taif, Kingdom of Saudi 
Arabia. For this purpose, new teaching materials were developed seeking to encourage 
these skills and various tests were applied to the pupils. This chapter starts by outlining 
the procedures and methodologies employed.
Five instruments (measurements) were used to collect data for this study: critical 
thinking, understanding, working memory, survey, and marks of school science test. 
Figure 10.1   Tools for Experiment 2 (Source: Author)
The critical thinking test aimed to measure the pupil skills at critical thinking while two 
understanding tests were devised, based on the content being taught with year of year 1 
and year 3. School marks were gained for the units of work being covered but these 
reflected recall skills only. In that critical thinking has to take place in the working 
memory, it was thought important to relate the other test results to the capacity of 
working memory. The survey aimed to explore how the pupils saw various aspects of 
their learning.
Tools
Survey Test
Understanding Test
Working Memory Test Critical Thinking Test
School Marks
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Samples of pupils were drawn from a range of intermediate schools for both girls and 
boys in Al-Taif city, all of them Saudi public schools. Care was taken to select the 
sample so that it reflected a diversity of schools in Saudi Arabia.  Details of the sample 
and the tests used are summarised in tables 10.1 and 10.2. The control group  was 
selected to match the experimental group as closely as possible. They did not undertake 
the materials on critical thinking but completed all the tests.
Years Age
Experimental Control
Total
Girl Boy Girl Boy
1 13 200 200 200 200 800
3 15 200 200 200 200 800
Total 400 400 400 400 1600
Table 10.1    Number of samples in all groups
Table 10.2 summarises the measurements made. 
Girls Boys
Control
Group
Experimental 
Group
Control
Group
Experimental 
Group
Tools Used Year3 Year1 Year3 Year1 Year3 Year1 Year3 Year1 Time (mins)
Teaching materials ✔ ✔ ✔ ✔ Over 8 week period  (age 13 and age 15)
Working Memory Test 200 200 200 200 200 200 200 200 20
Critical Thinking Test 200 200 200 200 200 200 200 200 30
Understanding Test 200 200 200 200 200 200 200 200 25
School Marks 200 200 200 200 200 200 200 200
Attitude 200 200 200 200 200 200 200 200 15
Table 10.2    Tools and sample numbers
All the data obtained were entered into a spreadsheet before analysis. For clarity, the 
data for the items of each question are shown as percentages. Each measurement is now 
described in turn, along with the descriptive statistics of the data obtained. All statistical 
analyses were carried out  using frequency  data. Where there is a statistically significant 
difference between the age groups, this is shown with colour coding. 
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p < 0.05 Low significance
p < 0.01 Moderate significance
p < 0.001 High significance
Table 10.3     Colour coding for tests
This chapter will discuss the outcomes obtained from all measurements except the 
survey, this being the focus of chapter 11.
10.2 Year 1 Initial Analyses
The test statistics are shown in table 10.4.   
N = 800 Minimum Maximum Mean Standard Deviation
Working Memory Capacity 2 8 5.4 1.2
School Science Mark (standardised) (%) 18 74 50.0 12.0
Understanding Science Mark (%) 36 82 50.0 12.0
Critical Thinking Score (%) 0 71 37.0 11.7
Table 10.4     Descriptive Data for Year 1
The histograms for the various measurements are shown in figure 10.1.
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Figure 10.2    Data Histograms (Year 1) 
Figure 10.2 reveals that the data for three of the four tests are very close to normal 
distributions while the data for the test of understanding is highly skewed but still good 
enough to use Pearson correlation. Pearson correlation is suitable if the data are integer 
data, approximately normally distributed.
The results shown in table 10.6 indicate that performances in all the tests all correlate 
with each other.
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233
Chapter 10
N = 800 School Science Mark
Understanding 
Science Mark
Critical Thinking 
Score
Working Memory Capacity 0.67 0.22 0.l1
School Science Mark 0.20 0.18
Understanding Science Mark 0.35
Table 10.6    Pearson Correlations (all at p < 0.001)
All the correlations are significant (all at p < 0.001).  However a factor analysis 
(principal components, with varimax rotation) on the four measurements generates two 
factors only, explaining 77% of the variance (table 10.7). For clarity, only loadings 
above 0.6 are shown.
Factor 1 Factor 2
Working Memory Capacity 0.92
School Test 0.91
Understanding test 0.77
Critical thinking test 0.85
Table 10.7    Factor Analysis of Four Measurements (Year 1)
This reveals that the school test was simply measuring the capacity of working memory. 
In other words, the way the test had been constructed meant that those with above 
average working memory held a very large advantage. On the other hand, the test of 
understanding and the test of critical thinking did not depend of working memory 
capacity but related to some other factor, perhaps ability to think.
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10.3 Year 3 Initial Analyses
The test statistics are shown in table 10.8.
N = 800 Minimum Maximum Mean Standard Deviation
Working Memory Capacity 3 10 6.4 1.3
School Science Mark (standardised) (%) 4 74 50.0 12.0
Understanding Science Mark (%) 33 79 50.0 12.0
Critical Thinking Score (%) 0 77 40.0 11.3
Table 10.8    Descriptive Data for Year 3
The histograms for the various measurements are shown in figure 10.9.
Figure 10.3    Data Histograms (Year 3)
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Figure 10.3 reveals that the data for three of the four tests are very close to normal 
distributions while the data for the test of understanding is highly skewed but still good 
enough to use Pearson correlation. Pearson correlation is suitable if the data are integer 
data, approximately normally distributed.  The results shown in table 10.9 indicate that 
performances in all the tests all correlate with each other.
N = 800 School Science Mark
Understanding 
Science Mark
Critical Thinking 
Score
Working Memory Capacity 0.52 0.59 0.27
School Science Mark 0.31 0.30
Understanding Science Mark 0.25
Table 10.9    Pearson Correlations (all at p < 0.001)
Table 10.9 shows that performances in all the tests correlate with each other.  Although 
the strength of the connectivity  of the relationships between them varies, there are 
significant correlations (Pearson Correlations: all at p < 0.001).
All the correlations are significant (all at p < 0.001).  However a factor analysis 
(principal components, with varimax rotation) on the four measurements generates two 
factors only, explaining 77% of the variance (table 10.10). For clarity, only loadings 
above 0.6 are shown.
Factor 1 Factor 2
Working Memory Capacity 0.86
School Test 0.80
Understanding test 0.80
Critical thinking test 0.99
Table 10.10    Factor Analysis of Four Measurements (Year 1)
This reveals that the school test and the test of understanding were simply  measuring 
the capacity of working memory. In other words, the way  the tests had been constructed 
meant that those with above average working memory  held a very large advantage. On 
the other hand, the test of critical thinking did not depend of working memory capacity 
but related to some other factor, perhaps ability to think critically.
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10.4 Critical Thinking Test
Critical thinking has been analysed into asking three questions of three aspects of 
knowledge (figure 10.3)
Figure 10.4    Analysis of Critical Thinking (Source: Author)
The analysis is expanded in table 10.11.
Table 10.11  Proposed critical thinking skills (Source: Author)
The test  of critical thinking had eight questions and was used in the first experiment. It 
had been observed that pupils had difficulty  in answering questions which were open-
ended. In Saudi Arabia, almost all tests and examinations are closed, required a tick or 
the insertion of a word or phrase.  Sustained writing is never a feature of the testing 
procedures.
In the light of this, the critical thinking test  was modified very slightly to reduce the 
requirements for writing. The revised test is shown in full in the appendix(4). 
Information 
Source
Information 
Itself
The Linking 
Process
How?
Why?
What?
}
Critical thinking model Facets of Critical Thinking (Skill)
1 Asking how of information source
2 Asking how of information itself
3 Asking how of information linked to past knowledge
4 Asking why of information source
5 Asking why of information itself
6 Asking why of information linked to past knowledge
7 Asking what of information source
8 Asking what of information itself
9 Asking what of information linked to past knowledge
Information Source
Information Itself
The Linking Process
}How?Why?
What?
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The eight questions were scored as follows (table 10.12):
Question Maximum Mark Correct Answer
1 3 D, E, F
2 6 True (1,2,3,6),  False (4,5)
3 3 a-(30), b-(17), c-(50)
4 4 B, D, E, G
5 5 Yes (2,4),  No(1,3,5)
6 2 A, F
7 6 True (1,2,6),  False (3,4,5)
8 4
D  is the correct answer
A,B,C  are wrong  answers (1 mark deducted 
for each wrong answer in the total score)
Total 37
Table 10.12   Correct Answers for Critical Thinking Test
The purpose of this test was to measure the nine facets of critical thinking as listed in 
table 10.11. The nature of the eight questions and how they mapped onto the nine facets 
(skills) is shown in table 10.13.
Question Theme Format Skill Assessed
1 Comparing sources of reliable evidence Rating question, text-based 1,4,7
2 Critically interpreting reports Open-ended responses 2,3,8 
3 Logical inference Short answers 3,7,9
4 Seeing possible patterns Numerical 3,8,9
5 Generating possible explanations Tabled responses 2,3,6,8,9
6 Cause and effect Graph interpretation 2,5,8
7 Examining conclusions critically Tabulated evidence 5,8
8 Deduction from evidence Text-based 3,6,8,9
Table 10.13  Themes, facets, formats, and skills assessed for critical thinking 
The performance in each question was correlated with the total scores gained for each 
of years 1 and 3 and the data are shown in table 10.14.  Pearson correlation coefficients 
were calculated and all the values obtained were highly significant (p < 0.001).
N Years
Questions
1 2 3 4 5 6 7 8
Pearson 
Correlation
800 1 0.42 0.32 0.41 0.52 0.28 0.53 0.36 0.49
800 3 0.42 0.37 0.38 0.47 0.41 0.52 0.32 0.46
Table 10.14     Pearson correlations of each question with total score
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This shows that all the questions were correlating highly with the total score. The data 
for both year groups were now considered. With the total sample of 1600, a factor 
analysis (principal components analysis, with varimax rotation) was run. Five factors 
were found, explaining 70% of the variance. The aim here is to see if the factors related 
in any way to the supposed 9 skills listed in table 10.11. For clarity, only loadings above 
0.6 are shown.   The possible identification of the factors is shown in the line at the foot 
of the table. 
Year 1+3
N = 1600 5 Factors (70% variance)
Possible Question Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1,4,7 1 0.76
2,3,8 2 0.74
3,8,9 3 0.78
1,3,7,9 4 0.69
3,5,8,9 5 -0.66
2,5,8 6 0.72
5,8 7 0.87
3,6,8,9 8 0.96
Possible
Pattern 
seeking 
(numerical or 
graphical)
Weighing 
evidence 
sources
Numerical data, 
validity of 
deduction
What (test validity) 
opposed to why 
(explanation)
Logical deduction
Table 10.15    Factor Loadings 
In the first column, the skills which were intended to be measured are shown.  There is 
some consistency between these skills and the five factors found.  However, there is 
also considerable inconsistency.
Part of the problem lies in the fact that there are only 8 questions to be analysed and 
there are nine potential skills in the original analysis.  It is quite possible that all eight 
questions in the test are measuring different skills.  Nonetheless, the factor analysis does 
suggest that five skills might be involved. 
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10.5 Comparisons with total sample
First, the overall performance between the entire sample who had used the critical 
thinking material and those who had been taught in the traditional way are compared 
between Year 1 and Year 3. The results from the tests for the different  years are 
discussed and compared. 
Table 10.16 shows the statistical results for and comparisons between Year 1 and Year 3 
for the entire sample in the critical thinking test for the intermediate school pupils. The 
t-test (independent samples) was used.
Critical Thinking Test Comparisons
Years N Mean(%)
Standard 
Deviation t p
Year 1 800 37.1 11.7
-4.7 < 0.001
Year 3 800 39.8 11.3
Table 10.16    Comparisons between Year 1 and Year 3 in critical thinking test
The data showed that  there was a very significant difference in the critical thinking test 
in the mean scores achieved by Year 1 and Year 3.  Year 3 performed significantly  better 
than Year 1. The p-value was high and therefore the probability that the results occurred 
by chance are low.  This may  have happened because in Year 3, pupils’ working 
memory capacity is greater and their skills more developed. 
Critical Thinking Test Comparisons
Experimental 
and Control N
Mean
(%)
Standard 
Deviation t p
Experimental 800 40.8 11.3
8.2 < 0.001
Control 800 36.2 11.4
Table 10.17    Comparisons between Experimental and Control in Critical thinking test
The data showed that there was a very significant difference in critical thinking test 
between the mean scores achieved by the experimental group and the control group. 
The experimental group performed very significantly better than the control group. 
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Critical Thinking Test Comparisons
Gender N Mean(%)
Standard 
Deviation t p
Girls 800 36.4 10.9
-7.3 < 0.001
Boys 800 40.6 11.9
Table 10.18       Comparisons between girls and boys in critical thinking test
It can be seen that there was a significant difference in the mean scores achieved by the 
boys and the girls in the critical thinking test. The boys performed very significantly 
better than the girls. 
10.6 Experimental-Control Comparisons
Firstly, the overall performance between groups who had used the new teaching 
material and those who had been taught in the traditional way are compared. Then the 
results from all the tests for different groups are discussed and compared. 
Table 10.19 shows the statistical results and comparisons of the experimental group and 
the control group in the critical thinking test for the intermediate school pupils. The t-
test (independent samples) was used.
Critical Thinking Test Comparisons
Experimental 
and Control Group N
Mean
(%)
Standard 
Deviation t p
Year 1
Experimental 400 40.4 11.7
8.3 < 0.001
Control 400 33.8 10.8
Year 3
Experimental 400 41.2 10.9
3.4 < 0.001
Control 400 38.5 11.5
 Table 10.19     Critical Thinking Test Comparisons (t-tests)
Table 10.19 shows that the experimental groups (which had completed the critical 
thinking learning units) outperformed the control groups (who had been taught in the 
traditional way) very significantly.
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If the critical thinking test is actually  measuring critical thinking, then the results show 
that the new teaching materials had been very effective in developing critical thinking 
skills. This deduction is important for it indicates that critical thinking skills can be 
taught with school students of this age (13-15). This is different from scientific thinking 
skills, where the evidence shows that it cannot be taught below about the age of 16 (Al-
Ahmadi and Reid, 2012).
The next stage is consider each of the eight questions. This is shown for year 1 in table 
10.20. The final column shows the Pearson correlation of each question with the total 
score (as in table 10.14).
Experimental 
and Control 
Year 1
Group N Max Mean Standard Deviation t p Pearson r
1
Experimental 400
3
1.2 0.7
5.4 <0.001 0.42
Control 400 0.9 0.7
2
Experimental 400
6
3.0 1.0
2.1 < 0.05 0.32
Control 400 2.9 1.2
3
Experimental 400
3
0.6 0.8
5.9 <0.001 0.41
Control 400 0.3 0.6
4
Experimental 400
4
2.1 1.0
4.2 <0.001 0.51
Control 400 1.8 1.1
5
Experimental 400
5
2.1 1.4
2.0 < 0.05 0.28
Control 400 1.9 1.2
6
Experimental 400
2
1.1 0.8
3.5 <0.001 0.53
Control 400 0.9 0.8
7
Experimental 400
6
2.9 1.2
2.9 < 0.01 0.36
Control 400 2.7 1.1
8
Experimental 400
1
0.l 0.6
2.0 < 0.05 0.49
Control 400 0.0 0.5
Table 10.20     Comparisons between experimental and control groups in Year 1
It can be seen from table 10.20 that the values of the t-test for the critical thinking test 
for the first  year are all significant. However, the levels of significance vary:  questions 
1, 3, 4 and 6 being highly significant (p < 0.001), while only  question 7 is of moderate 
significance (p < 0.01).  Questions 2, 5 and 8 are of low significance (p < 0.05).
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It is difficult to interpret the outcomes with certainty. It is possible that some skills can 
be developed more easily than others but it is more likely that the variable t-test values 
simply  reflect the actual questions used or the differences in significance may simply 
reflect the emphases of the teaching materials used.
The analysis was repeated for year 3 (table 10.21).
Experimental 
and Control 
Year 3
Group N Max Mean Standard Deviation t p Pearson r
1
Experimental 400
3
1.13 0.7
3.6 < 0.001 0.42
Control 400 0.96 0.7
2
Experimental 400
6
2.98 1.1
0.2 n.s. 0.37
Control 400 2.97 1.2
3
Experimental 400
3
0.45 0.7
3.2 < 0.001 0.38
Control 400 0.31 0.6
4
Experimental 400
4
2.24 1.0
0.2 n.s. 0.47
Control 400 2.22 1.0
5
Experimental 400
5
2.19 1.3
3.2 < 0.001 0.41
Control 400 1.90 1.3
6
Experimental 400
2
1.19 0.7
0.1 n.s. 0.52
Control 400 1.18 0.7
7
Experimental 400
6
3.05 1.3
1.7 n.s. 0.32
Control 400 2.90 1.2
8
Experimental 400
1
1.39 0.5
0.4 n.s. 0.46
Control 400 1.23 0.5
Table 10.21    Comparisons between experimental and control groups in Year 3
The results for year 3 are very different. It  is possible that  the capacity for thinking 
critically  has developed with age.  Thus, the third year students all start from a higher 
base-line, thus making the development due to the teaching materials somewhat less 
than was observed with the first  year students.  It also has to be remembered that the 
third years students are in the middle of adolescence, and this alone may make 
differences in the way they think. This is parallel to the findings of Al-Ahmadi and Reid 
(2012) when they considered scientific thinking.  They found clear evidence of a 
developmental factor along with the need for specific teaching.
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There is also the fact that the third year pupils were studying an entire unit of chemistry 
for the first time. They  may  have found this more difficult as they have little 
background in this subject. This may have reduced the impact of the new approach. 
10.7 Gender Comparisons
The first stage was to look at the overall patterns of performance in the critical thinking 
test, comparing boys and girls. Year 1 is shown in table
Girls and Boys
Year 1 Group N Max Mean
Standard 
Deviation t p
1
Girls 400
3
1.1 0.7
3.7 < 0.001
Boys 400 1.0 0.8
2
Girls 400
6
2.9 1.2
-1.3 n.s.
Boys 400 3.0 1.1
3
Girls 400
3
0.4 0.7
-1.3 n.s.
Boys 400 0.5 0.7
4
Girls 400
4
1.8 1.0
-4.2 < 0.001
Boys 400 2.1 1.1
5
Girls 400
5
1.9 1.3
-1.8 n.s.
Boys 400 2.1 1.3
6
Girls 400
2
0.8 0.7
-7.6 < 0.001
Boys 400 1.2 0.7
7
Girls 400
6
2.7 1.1
-1.1 n.s.
Boys 400 2.8 1.2
8
Girls 400
1
0.1 0.6
-0.5 n.s.
Boys 400 0.1 0.5
Total
Girls 400
100
35.4 11.4
-4.4 < 0.001
Boys 400 39.0 11.7
Table 10.22  Comparisons between girls and boys in Year 1
In three of the questions, year 1 boys and girls differ very significantly in performance. 
Overall boys out-perform girls although, in question 1, girls are better.
Table 10.23 shows the same analysis when applied to year 3. 
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Girls and 
Boys
Year 3
Group N Max Mean Standard Deviation t p
1
Girls 400
3
1.1 0.7
0.2 n.s.
Boys 400 1.0 0.7
2
Girls 400
6
2.9 1.2
-0.9 n.s.
Boys 400 3.0 1.1
3
Girls 400
3
0.2 0.5
-6.6 < 0.001
Boys 400 0.5 0.7
4
Girls 400
4
2.1 1.0
-3.0 < 0.01
Boys 400 2.3 1.1
5
Girls 400
5
1.9 1.3
-2.2 < 0.05
Boys 400 2.1 1.3
6
Girls 400
2
1.1 0.7
-5.0 < 0.001
Boys 400 1.3 0.8
7
Girls 400
6
2.8 1.2
-3.1 < 0.01
Boys 400 3.1 1.3
8
Girls 400
1
0.1 0.6
-0.6 n.s.
Boys 400 0.1 0.5
Total
Girls 400
100
37.5 10.2
-6.1 < 0.001
Boys 400 42.2 11.8
Table 10.23  Comparisons between girls and boys in Year 3
With year 3, boys and girls differ in performance in five questions. Again, boys out-
perform girls overall and in several questions.
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In table 10.24, the two year groups are compared.
Year 1 Year 3
Question t p t p
1 3.7 < 0.001 0.2 n.s.
2 -1.3 n.s. -0.9 n.s.
3 -1.3 n.s. -6.6 < 0.001
4 -4.2 < 0.001 -3.0 < 0.01
5 -1.8 n.s. -2.2 < 0.05
6 -7.6 < 0.001 -5.0 < 0.001
7 -1.1 n.s. -3.1 < 0.01
8 -0.5 n.s. -0.6 n.s.
Total -4.4 < 0.001 -6.1 < 0.001
Table 10.24  Comparisons between girls and boys in Years 1 and 3  
First of all, there is a general trend for boys to outperform the girls in both year groups. 
This could reflect that the boys depend to a greater extent than the girls on working 
things out, while the girls are more inclined towards memorisation and recall. Of 
course, girls and boys are educated separately in Saudi Arabia and the educational 
cultures of the two general systems many well be different.  In addition, girls of age 15 
are vastly more mature than boys of the same age although the social limitations on girls 
are much greater and they tend to spend more time at home (Al-Ahmadi, 2008, p.147).
Of greater interest is to look at the boys and girls separately, comparing experimental 
and control groups for each question. The outcomes are shown for year 1 in table 10.25.
Girls Boys
t p t p
1 2.9 < 0.01 4.7 < 0.001
2 2.7 < 0.01 0.2 n.s.
3 3.1 < 0.01 5.2 < 0.001
4 0.9 n.s. 5.0 < 0.001
5 0.6 n.s. 2.4 < 0.05
6 0.3 n.s. 4.9 < 0.001
7 -0.4 n.s. 4.3 < 0.001
8 0.4 n.s. 2.2 < 0.05
Total 3.0 < 0.01 9.2 < 0.001
Table 10.25    Gender and Critical Thinking Performance (Year 1)
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It is clear that the boys have improved their performance in the critical thinking test 
much more than the girls as a result of completing the new learning approach. In fact, 
the overall gain in average mark for the girls 3.3% while the boys show 10.9%.
The outcomes for year 3 are shown in table 10.26.
Girls Boys
t p t p
1 2.1 < 0.05 2.9 < 0.01
2 0.1 n.s. 0.1 n.s.
3 4.2 < 0.001 1.1 n.s.
4 0.7 n.s. -0.4 n.s.
5 2.8 < 0.01 1.7 n.s.
6 0.6 n.s. -0.3 n.s.
7 1.4 n.s. 1.0 n.s.
8 0.6 n.s. 0.1 n.s.
Total 3.4 < 0.001 1.8 n.s.
Table 10.26    Gender and Critical Thinking Performance (Year 3)
The overall gain in average mark for the girls 3.5% while the boys show only 2.1%.
10.8   The Test of Understanding
The structured communication grid is a very powerful assessment tool to reach 
conceptual understanding. The pupils cannot guess blindly because they  do not know 
how many answers there are to many  of the questions. There could be 1, 2, 3, 4, or even 
9 answers.  In this study, the Structural Communication Grid was used as a technique to 
measure the understanding of pupils and to explore if this had been enhanced by using 
the teaching approached underpinned by critical thinking.
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10.8.1 Year 1 Test
The questions used in the tests of understanding for each of year 1 is shown in full 
overleaf.  The answers are shown in red. The test in English in the format used is shown 
in the appendix.
(1) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
The distance between the particles is 
very small
B
The particles moving
very fast
C
The distance between the particles is 
very big
D
The particles grow in size when 
heated
E
The shape and 
volume fixed
F
The particle are vibrating but not 
moving around
G
Takes the volume and  shape of the 
container 
H
The volume
is large
I
Particles move about slowly but have 
little pattern
Using the letters, choose all the boxes which are true of -
 (a) Gases:  B,C,G
 (b) Liquids:  A,G,I
 (c) Solids:  A,E,F total out of 3
(2) Look at the descriptions in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Boiling water in a pot
B
A nail rusting
C
Floating wood
D
Paper burning
E
Ice melting
F
A tree growing
G
Petrol burning
H
Rain falling
I
A candle burning
Using the letters, choose all the boxes which show:
 (a) Examples of chemical reactions (changes):         B,D,F,G,I
 (b) Examples of physical changes:                            A,C,E,H
 (c) Situations where atoms are linking to oxygen:    B,D,G,I Total out of 3
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(3) Look at the elements in the boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Oxygen
B
Carbon
C
Iron
D
Bromine
E
Hydrogen
F
Lead
G
Neon
H
Mercury
I
Sodium
Using the letters, choose all the boxes which show:
 (a) Gases at room temperature:                                    A,E,G
 (b) Liquids at room temperature:                                  D,H
 (c) Solids at room temperature:                                    B,C,F,I
 (d) Elements which conduct electricity at room temperature:      B,C,F,H,I   Out of 4
(4) Look at the nine below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Mass
B
litre
C
Velocity
D
Density
E
Volume
F
g cm-3
G
m s 1
H
g
I
cm3
 (a) Look at box A.  
  Select all the boxes which show a correct unit of measurement for A: H
 (b) Look at box E.
  Select all the boxes which show a correct unit of measurement for E: B,I
 (c) Look at box G.
  Select all the boxes which show what is measured in this unit G: C
 (d) If we know what is the value of box A and box E, 
  select all the boxes which show what we can calculate: D Out of 4
(5) Look at the descriptions in the boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answers.
A
0˚C
B
5˚C
C
Melting Point
D
Liquid
E
100˚C
F
Solid
G
Gas
H
Boiling Point
I
37˚C
Using the letters, choose all the boxes which show:
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  (a) The melting point of ice:                                                       A
  (b) Temperatures where water can exist as a liquid:                   A,B,E,I
  (c) The state of water at -50 ˚C:                                                  F
  (d) The freezing point of water:                                                  A                 Out of 4 
(6) What mass is needed to balance the metre stick (distances are 30 cm and 20 cm)   Answer is 60
     (7) Look at the atoms in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
Using the letters, choose all the boxes which show particles:
 (a) With an atomic number of 20: H
 (b) That differ in neutron content only: A,F
 (c) With a mass number of 40: E,H
 (d) With 30 neutrons: D,
 (e) Which contain 18 electrons: C, E, H, I Marked out of 5
 
(8) Look at the atoms in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
50 ms-1
B
500 ms-1
C
3.5 m
D
5 ms-1
E
0.2 ms-1
F
300 ms-1
G
180 ms-1
H
350 m
Using the letters, choose all the boxes which:
 (a) The speed (velocity) of a car which travels 50 m in 10 seconds:  D
 (b) The distance travelled in 10 seconds by a car travelling at 35 ms-1: H
 (c) The speed in metre per second for a train travelling at 180 km per hour: A out of 3
40 g
30 cm 20 cm
Mass needed = 
A B C
D E F
G H I
Li7
3
Li6
3
Ne20
10
Na24
11
Ca2+40
20
K+39
19
Ar40
18
Cl-35
17
Ni58
28
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(9) Ahmed is trying to lift a refrigerator  
weighing 24 kg using a metal rod.         
 The rod is 180 cm long, with 20 cm 
from the pivot to the refrigerator. 
 Write down the force need to lift the 
refrigerator
 3 Kg             Out of 1
 
The performance of the experimental and control groups is shown in table 10.27. 
Groups N Mean StDev t p
Experimental 400 56.9 13.4
19.8 < 0.001
Control 400 43.1 3.5
Table 10.27     Totals for the Year 1 understanding test
The experimental group  performed significantly better than the control group  in the 
understanding test. Indeed, the gain in performance is very marked: nearly 14%. This 
indicates that being taught using a critical thinking approach develops a much higher 
level of understanding.
Experimental 
and Control 
Year 1
Group N Mean Standard Deviation t p Pearson r
1
Experimental 400 1.4 1.2
16.3 < 0.001 0.82
Control 400 0.3 0.6
2
Experimental 400 1.1 1.2
13.7 < 0.001 0.87
Control 400 0.1 0.6
3
Experimental 400 1.7 1.4
15.5 < 0.001 0.86
Control 400 0.5 0.6
4
Experimental 400 1.6 1.7
12.0 < 0.001 0.79
Control 400 0.4 1.0
5
Experimental 400 1.6 1.5
14.5 < 0.001 0.73
Control 400 0.3 0.8
6
Experimental 400 0.5 0.5
12.6 < 0.001 0.61
Control 400 0.2 0.4
7
Experimental 400 1.9 1.9
15.5 < 0.001 0.82
Control 400 0.2 0.8
8
Experimental 400 1.2 1.3
11.0 < 0.001 0.67
Control 400 0.3 0.9
9
Experimental 400 0.4 0.5
13.2 < 0.001 0.73
Control 400 0.02 0.2
Table 10.28    Comparisons between experimental and control groups in Year 1
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Force needed to lift 
refrigerator = 
Refrigerator
Metal rod
20 cm
The table shows that in the understanding test, the responses of the experimental group 
were significantly  greater than those of the control group. This suggests that the critical 
thinking material leads to pupils develop  a deeper understanding of the sciences, rather 
than simple rote memorisation. 
Table 10.29 shows the pattern when gender is taken into account.
Gender Groups N Mean StDev t p
Girls
Experimental 200 56.2 14.6
12.2 < 0.001
Control 200 43.3 3.6
Boys
Experimental 200 57.5 12.1
16.4 < 0.001
Control 200 43.0 3.3
Table 10.29   Results of the Year 1 understanding test by gender
The two control groups show almost identical results, indicating that the boys and girls 
performed equally well when taught in the traditional way. The gain in performance 
using the critical teaching materials was similar for boys and girls although the boys 
gained slightly more. Table 10.30 shows the similarity for both genders.
Groups Gender N Mean StDev t p
Experimental
Girl 200 56.2 14.6
-1.0 n.s.
Boy 200 57.5 12.1
Control
Girl 200 43.3 3.6
1.0 n.s.
Boy 200 43.0 3.3
Table 10.30     Results of Year 1 understanding test by group
Thus, boys and girls started from a similar baseline and the experimental groups out-
performed the control groups to similar extents for both boys and girls..
It is possible to correlate the performance for the whole sample in each of the 9 
questions in the test with the test total (table 10.31).  This shows that all questions are 
correlating extremely highly and, thus, all questions contribute highly to scores
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1 2 3 4 5 6 7 8 9
Pearson 
Correlation 0.82 0.78 0.86 0.79 0.73 0.61 0.82 0.67 0.73
Table 10.31     Pearson correlation of total scores for the whole sample
A factor analysis (again using principal components analysis, with varimax rotation) 
with the entire year 1 sample reveals three factors, explaining 74% of the variance. The 
possible identification of the factors is shown the line at the top of the table.  All 
loadings are shown (table 10.32).
Question Component 1 Component 2 Component 3
SCG Questions
General or 
chemistry
Calculation
Physics
SCG Questions
Physics
1 0.74 0.32 0.23
2 0.71 0.39 0.15
3 0.77 0.28 0.28
4 0.81 0.14 0.14
5 0.78 0.10 0.13
6 0.20 0.92 0.12
7 0.73 0.24 0.32
8 0.27 0.17 0.94
9 0.53 0.51 0.25
Table 10.32    Factor Loadings: year 1 understanding test
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10.8.2 The Year 3 Test
The questions used in the tests of understanding for each of year 3 is shown in full 
overleaf.  The answers are shown in red. The test in English in the format used is shown 
in the appendix.
(1) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Attracts to magnets
B
Is a liquid at room temperature
C
Is very common on Earth
D
Is a Metal
E
Has been known for over 2000 years
F
Is a non-metal
G
Conducts electricity
H
Has a valency of II
I
Is a gas at room temperature
Using the letters, choose all the boxes which are true of ,-
 (a) Carbon: E, F, G, (C)
 (b) Hydrogen: C,F,I
 (c) Magnesium: C,D,G,H
 (d) Bromine: B,F
 (e) Gold: D,E,G,
 (f) Iron: A,C,D,E,G,H
 (g) Titanium: C,D,G,H  Marked out of 7
(2) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
Using the letters, choose all the boxes which show particles:
 (a) With an atomic number of 20: H
 (b) That differ in neutron content only: A,F
 (c) With a mass number of 40: E,H
 (d) With 30 neutrons: D,
 (e) Which contain 18 electrons: C, E, H, I Marked out of 5
A B C
D E F
G H I
Li7
3
Li6
3
Ne20
10
Na24
11
Ca2+40
20
K+39
19
Ar40
18
Cl-35
17
Ni58
28
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(3) Name:
(a)  The element which is the main gas present in the air: Nitrogen 1
(b)  Two elements which link to form water: Hydrogen and oxygen 2
(c)  Three elements which react rapidly with cold water: Three of: Li, Na, K. Rb. Cs, Ca, Sr, Ba 3
(d)  An element which can have valency of III or V: N, P, As, Sb, Bi, V, Mn 1
(e)  A liquid metal: Hg 1
(f) The most common metal: Al 1
  Marked out of 9
(4) Write down the formulae for:
(a) Calcium oxide:                                          CaO
(b) Aluminium chloride:                                 AlCl3
(c) Sodium sulphide:                                      Na2S
(d) Copper (II) fluoride:                                  CuF2            Marked out of 4  
(5) Use the group valencies in the table below.
Valency 1 Valency 2 Valency 3
Hydroxide OHI Carbonate CO3II Phosphate PO4III
Nitrate NO3I Sulphate SO4II
Ammonium NH4I Sulphite SO3II
Permanganate MnO4I
Write the formulae for:
(a) Potassium carbonate: K2CO3
(b) Aluminium nitrate: Al(NO3) 3
(c) Calcium sulphate: CaSO4
(d) Ammonium nitrate: NH4NO3
(e) Copper (II) hydroxide: Cu(OH) 2 Marked out of 5
(6) Balance the following equations:
 Zn + HCl  ZnCl2 + H2
 K + H2O  KOH + H2
 Al + H2SO4  Al2(SO4)3 + H2
 SiF4 + H2O  SiO2 + HF Marked out of 
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Table 10.33 shows the comparisons in performance between the experimental group 
(taught using critical thinking approach) and the control group (taught traditionally).
Groups N Mean StDev t p
Experimental 400 52.3 23.6
28.1 < 0.001
Control 400 15.3 11.8
Table 10.33   Totals for the Year 3 understanding test
The experimental group  performed significantly better than the control group  in the 
understanding test. Indeed, the gain in performance is very marked: 37%. This indicates 
that being taught using a critical thinking approach seems to be developing an 
enormously  higher level of understanding.  This can be analysed for each question 
(table 10.34).
Experimental 
and Control 
Year 1
Group N Mean Standard Deviation t p Pearson r
1
Experimental 400 3.8 2.1
25.0 < 0.001 0.86
Control 400 0.9 1.1
2
Experimental 400 3.0 1.5
17.8 < 0.001 0.83
Control 400 1.3 1.2
3
Experimental 400 5.9 2.6
21.9 < 0.001 0.89
Control 400 2.5 1.8
4
Experimental 400 1.9 1.3
20.6 < 0.001 0.75
Control 400 0.5 0.8
5
Experimental 400 2.4 1.7
22.0 < 0.001 0.81
Control 400 0.3 0.8
6
Experimental 400 2.3 2.5
12.6 < 0.001 0.72
Control 400 0.5 1.3
7
Experimental 400 2.9 1.5
25.9 < 0.001 0.72
Control 400 0.6 0.95
Table 10.34  Comparisons between experimental and control groups in Year 3
In the case of each question, the performance of the group  who had been taught using a 
critical thinking approach was markedly better. This makes sense: being encouraged to 
think critically is very likely to lead to deeper levels of understanding.
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Table 10.35 shows the pattern when gender is taken into account.
Gender Group N Mean StDev t p
Girls
Experimental 200 49.7 25.3
16.7 < 0.001
Control 200 16.6 12.1
Boys
Experimental 200 54.9 21.4
23.9 < 0.001
Control 200 13.9 11.3
Table 10.35     Results of the Year 3 understanding test by gender
Groups Gender N Mean StDev t p
Experimental
Girl 200 49.7 25.3
-2.2 < 0.05
Boy 200 54.9 21.4
Control
Girl 200 16.6 12.1
2.3 < 0.05
Boy 200 13.9 11.3
Table 10.36    Results of Year 3 understanding test by group
Tables 10.35 and 10.36 need to seen together. This is summarised in figure 10.4.
Figure 10.5    Gender Summary 
Both girls and boys, taught  in the traditional way, are largely unable to cope with a test 
of understanding but the girls cope slightly better than the boys. Being taught using the 
critical thinking approach enhances the performance in the test  of understanding to a 
very considerable extent. However, the boys gain more than the girls in this approach.
The data may reveal genuine gender differences. However, it  may simply reflect the fact 
that schools are gender-based in Saudi Arabia. There is no certainty that girls and boys 
are taught  in similar ways and there is no certainty that the way the new materials based 
on critical thinking were used in similar ways in the two school systems.
49.7
16.6
54.9
13.9
Boys
Girls
Experimental
Control
Experimental
Control
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It is possible to correlate the performance for the whole sample in each of the 7 
questions in the test with the test total (table 10.37).  This shows that all questions are 
correlating extremely highly and, thus, all questions contribute highly to scores
1 2 3 4 5 6 7
Pearson 
Correlation 0.86 0.83 0.89 0.75 0.81 0.72 0.72
Table 10.37     Pearson correlations for the Year 3 understanding test (whole sample) 
Table 10.38 shows the loadings from the factor analysis using all 800 candidates for 
year 3.  Principal Components Analysis, with varimax rotation, gives a possible two 
factors structure (69% of variance) although there is uncertainty  that there is a structure 
(the scree plot is not clear cut).   Loadings are:
Table 10.38    Factor Loadings: year 3 understanding test
Short answer question
Question Component 1 Component 2
Formulae, 
equations SCG questions
1 0.26 0.84
2 0.13 0.82
3 0.66 0.46
4 0.84 0.16
5 0.83 0.19
6 0.80 0.24
7 0.26 0.71
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A factor analysis (again using principal components analysis, with varimax rotation) 
with the entire year 1 sample reveals three factors, explaining 74% of the variance. The 
possible identification of the factors is shown the line at the top of the table.  All 
loadings are shown (table 10.39).
Question Component 1 Component 2 Component 3
SCG Questions
General or 
chemistry
Calculation
Physics
SCG Questions
Physics
1 0.74 0.32 0.23
2 0.71 0.39 0.15
3 0.77 0.28 0.28
4 0.81 0.14 0.14
5 0.78 0.10 0.13
6 0.20 0.92 0.12
7 0.73 0.24 0.32
8 0.27 0.17 0.94
9 0.53 0.51 0.25
Table 10.39    Factor Loadings: year 1 understanding test
10.9 Overall Conclusions
This chapter has presented the results of the critical thinking and understanding tests 
carried out in experiment two. 
All correlations between working memory capacity, school science marks and 
understanding science marks were highly significant for both years.  
Factor analysis reveals that measured working memory capacity is a different  factor 
when compared to the measurements from the test on critical thinking although the 
data from the two measurements correlate.
Factor analysis reveals that measured working memory capacity loads on to the same 
factor as the data from the school test  performance, suggesting that school test 
performance is strongly controlled by working memory capacity.  Correlation, of 
course, does not  indicate cause and effect.  However, the work of El-banna (Johnstone 
and El-banna, 1986, 1989) shows that it  is cause and effect  and, therefore, the word 
‘control’ is appropriate.
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Factor analysis reveals that measured working memory capacity loads on to the same 
factor as the data from the test of understanding for year 3 but not for year 1.  The two 
test of understanding were completely different relating to totally different subject 
matter.
The most surprising outcome was the observation that, in both year groups, the 
students who had completed the critical thinking learning units performed very much 
better than the control groups (taught traditionally) in the tests of understanding.
A comparison between Years 1 and 3 for the total sample shows that the Year 3 
students performed significantly better than those in Year 1 in the test of critical 
thinking. In addition, it  was shown that boys performed better than girls in the entire 
sample. 
The single most important  outcome is the finding that the groups (in both years) who 
had undertaken the materials that  aimed to develop critical thinking performed 
markedly better in the test of critical thinking than the groups (in both years) who had 
been taught in the traditional way. 
In the critical thinking test  for Year 1, the questions were formulated to assess the nine 
critical thinking skills previously identified (see table 8.1).  The p numbers for all were 
significant; some high, some medium and some low.  On the other hand, for Year 3, 
for questions 1, 3 and 5, the probability was highly significant and it was therefore 
concluded that  eight  of the nine critical thinking skills had been developed.  However, 
this was not the case with skill 5 (‘Asking why of the information itself’). 
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Chapter 11
Survey of Student Views
11.1 Introduction and Methodology
The survey was used with a sample of 1600 Saudi pupils, 800 (400 boys and 400 girls) 
in each of grades 1 and grade 3 in intermediate school. The sample involved a control 
group and and experimental group, the latter having completed the learning materials 
related to critical thinking. The survey was designed to serve several purposes.  It  was not 
designed to measure critical thinking in that  a survey can only  indicate what  respondents 
think, and not what their skills are.  Most of the questions (questions 1 to 7) aimed to 
explore how the students saw their student in the sciences.  Question 8 explored how the 
students saw the nature of thinking in relation to their studies in the sciences.  Overall, the 
aim is to see if there are a significant difference in the way  the respondents see their studies 
in the science which might be related to the use of the new materials on critical thinking. 
Gender differences were also explored. 
Each question is shown and then the data for each question are discussed. For clarity, 
the data are shown as percentages to the nearest whole number. However, the frequency 
data are used to carry out statistical calculations. Chi-square, as a test of goodness of fit 
or as a contingency  test, is used where appropriate.  This test is used to compare 
response patterns between year groups as well as between genders. In most questions, 
there are no statistical differences. For simplicity, the chi-square value is only shown 
where there are statistically significant response patterns. Where there is a statistically 
significant difference between the age groups, this is shown with colour coding in the 
test.
p < 0.05 Low significance
p < 0.01 Moderate significance
p < 0.001 Highly significance
Table 11.1      Colour coding for survey statistical differences
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The following aspects were explored (table 11.2):
Specifications
1 Science as a subject
2 Laboratory work in science classes
3 Science lessons
4 What the students like best about science lessons
5 What develops student interest in science
6 Examinations in their school
7 Reasons why students should study science
8 The way they evaluate and think about critical thinking
Table 11.2      Specifications for Survey Used
11.2 Survey:  Year 1 (N = 800)
(1) What is your feeling about science as a subject? χ2 df p
I like science.
Experimental 45 15 11 5 2 22
I don't like science. 10.5 4 < 0.05
Control 48 10 10 6 3 23
I understand it with 
difficulty.
Experimental 23 9 10 12 15 33
I understand it with ease 25.9 5 < 0.001
Control 27 12 13 9 10 31
It is useful in my daily 
life.
Experimental 55 12 14 7 3 10 It is useless in my daily 
life. 18.5 4 < 0.01Control 56 14 9 7 4 12
It is interesting.
Experimental 42 18 12 9 3 16
It is boring. 1.5 4 ns.
Control 41 18 14 8 4 15
It is complicated.
Experimental 26 6 9 12 14 33
It is simple. 4.9 5 ns.
Control 29 6 8 10 11 36
I am interested in lab 
work.
Experimental 42 15 13 9 4 17 I am not interested in 
lab work. 4.9 4 ns.Control 48 13 12 8 4 16
Table 11.3       Results for Question 1 of Year 1 attitude test
The purpose of this question is to determine the feelings of the pupils about science as a 
subject.  Only for questions 1, 2 and 3 were the differences between the experimental 
and control groups statistically significant, while responses 2 and 5 were polarised.
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(2) What is your feeling about laboratory work χ2 df p
Laboratory work is 
interesting
Experimental 57 12 12 5 4 11
Laboratory work is dull. 2.4 3 n.s
Control 59 12 12 3 2 12
I do not enjoy 
laboratory work.
Experimental 15 6 8 8 8 55
I enjoy laboratory work. 12.8 5 < 0.05
Control 22 7 7 8 9 48
I learn many things in 
the laboratory.
Experimental 58 14 10 7 3 7 I do not learn anything in 
the laboratory. 0.8 4 n.s
Control 57 14 10 5 2 12
Laboratory work is not 
important.
Experimental 12 6 8 14 16 45 Laboratory work is 
important 39.9 4 < 0.001Control 18 5 9 7 11 50
Laboratory work is 
difficult.
Experimental 14 5 13 11 14 44
Laboratory work is easy. 15.3 4 < 0.01
Control 18 6 8 11 11 46
I'd like to spend more 
time in the lab.
Experimental 40 9 11 9 7 24 I'd like to spend less time 
in the lab. 13.1 4 < 0.05Control 46 10 13 6 4 22
Table 11.4      Results for Question 2 of Year 1 attitude test
The purpose of this question is to determine the feelings of the pupils about laboratory 
work. It can be seen that the differences between the responses of the experimental and 
control groups are statistically significant only for questions 2, 4, 5 and 6, although 
there were no remarkable differences between the two groups.  Both groups are 
generally a positive about laboratory work
(3) What is your feeling about science lessons χ2 df p
They are boring
Experimental 22 6 9 11 11 42
They are interesting. 12.2 4 < 0.05
Control 30 5 9 10 9 38
I like science lessons.
Experimental 38 15 14 9 5 20
I hate science lessons. 11.0 4 < 0.05
Control 41 13 15 7 3 23
I understand them easily
Experimental 38 14 15 11 4 19
I just memorise them. 9.5 4 < 0.05
Control 34 11 17 11 5 22
I like going to the 
science club.
Experimental 44 11 12 9 5 19 I do not like going to 
the science club. 6.7 5 n.sControl 40 10 12 9 6 23
I do  not like discussion 
in the lessons.
Experimental 24 8 10 7 12 39 I like discussion in the 
lessons. 11.4 5 < 0.05Control 30 7 10 8 9 37
I'd like to spend less 
time in the lab.
Experimental 30 7 9 11 7 37 I'd like to spend more 
time in the lab. 24.5 5 < 0.001Control 21 6 10 10 9 44
Table 11.5        Results for Question 3 of Year 1 attitude test
The differences between the two groups are small but showing the experimental group 
as more positive. However, the experimental group (who undertook the teaching 
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materials to develop  critical thinking) want less time in the laboratories, perhaps 
reflecting their greater enjoyment of their learning in class. 
(4) What do you like best about your science lessons χ2 df p
Doing practical work
Experimental 51
8.3 1 < 0.01
Control 58
Preparing for a career
Experimental 43
6.3 1 < 0.05
Control 49
Learning about recent scientific discoveries 
Experimental 55
13.8 1 < 0.001
Control 46
Finding out about the applications of science in daily life
Experimental 43
0.1 1 ns.
Control 44
Learning how science can improve health
Experimental 28
6.9 1 < 0.01
Control 23
Learning how science can help the environment
Experimental 28
1.1 1 ns.
Control 26
Understanding how things work
Experimental 46
5.5 1 < 0.05
Control 41
Table 11.6     Results for Question 4 of Year 1 attitude test
Looking at  table 11.6 overall, the experimental group seem to have a slightly enhanced 
interest in the way science works in life, especially the way  discoveries are made. Of 
course, in all this, critical thinking is an asset. The slight fall in popularity of lab work 
may simply reflect the rise in interest in other areas.
(5) What things made you become interested in science? χ2 df p
TV programmes     
Experimental 56
1 1 n.s
Control 53
books, newspapers and magazines
Experimental 30
0.4 1 n.s
Control 32
teacher Experimental 56
0.0 1 n.s
Control 55
parents
Experimental 45
0.2 1 n.s
Control 44
friends
Experimental 24
0.9 1 n.s
Control 22
exhibitions, science centres etc.
Experimental 37
0.9 1 n.s
Control 39
Internet
Experimental 46
1.5 1 n.s
Control 43
Table 11.7      Results for Question 5 of Year 1 attitude test  
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The table above shows that there are no significant differences in the perceptions of the 
experimental and control groups. In other words, the exercises relating to critical 
thinking have not altered the factors that influence their perceptions of the sciences.
(6) What do you think about examinations in your school? χ2 df p
It is difficult to revise the whole year's syllabus for 
the final exam.
Experimental 67
6.1 1 < 0.05
Control 73
The topics in the examination are not varied 
enough.
Experimental 17
1.6 1 n.s
Control 19
I pass my examinations by trying to understand the 
ideas.
Experimental 48
4.0 1 < 0.05
Control 53
We do not do enough revision in class.
Experimental 20
0.5 1 n.s
Control 22
The examinations are easy.
Experimental 33
2.3 1 n.s
Control 30
I often cannot remember how to do things in the 
exam.
Experimental 41
2.4 1 n.s
Control 37
I find revising at home boring. Experimental 27 47.7 1 < 0.001
Control 15
I pass my examinations by memorising as much as I 
can.
Experimental 40
0.1 1 n.s
Control 41
Table 11.8      Results for Question 6 of Year 1 attitude test   
It is interesting to note that the experimental group  find revising at home considerably 
more boring than the control group. This could be because the new materials have 
revealed that science is more than memorisation. The experimental group are moving 
away from the dominance of memorisation, as items 1 and 3 suggest.
(7) Here are some reasons why you should study science subjects χ2 df p
Help me to solve my problems
Experimental 33
2.3 1 n.s
Control 30
Are useful in daily life.
Experimental 62
3.7 1 n.s
Control 57
Help me to understand the world.
Experimental 68
7.7 1 < 0.01
Control 61
Important in improving the world.
Experimental 40
0 1 n.s
Control 40
Help me to understand my body and be healthy.
Experimental 37
0.9 1 n.s
Control 39
Science will help me to get a good job.
Experimental 16
2.8 1 n.s
Control 19
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(7) Here are some reasons why you should study science subjects χ2 df p
Lead to important advances in medicine.
Experimental 24
1.1 1 n.s
Control 26
Are important in developing my country’s economy.
Experimental 17
0.1 1 n.s
Control 18
Table 11.9      Results for Question 7 of Year 1 attitude test
The only difference relates to the way the sciences help us to understand the world. 
Here, critical thinking may help as it might aid understanding.
(8) Here are some things about science χ2 df p
SA A N D SD
Science teaches me a good way to think
Experimental 43 30 16 4 7
10.2 4 < 0.05
Control 38 29 19 4 11
I do not believe anything before I have evidence
Experimental 34 24 24 7 11
3.5 4 n.s
Control 37 25 21 8 10
I accept that what my science teacher tells me is 
correct
Experimental 34 30 23 7 6
5.9 4 n.s
Control 34 28 22 8 9
I like to question everything I am taught
Experimental 35 23 19 12 11
21.8 4 < 0.001
Control 33 27 23 7 9
TV is very accurate as we can see what is actually 
happening
Experimental 29 22 30 10 9
7.0 4 n.s
Control 28 22 26 10 13
I like to look carefully at the evidence before I give 
my opinion
Experimental 44 26 18 7 6
7.7 n.s
Control 39 30 16 8 8
I find drawing conclusions from evidence is often 
difficult
Experimental 18 23 35 14 10
22.9 4 < 0.001
Control 21 23 32 9 15
Those in authority say what is correct
Experimental 19 13 30 15 24
7.4 4 n.s
Control 15 14 33 16 21
Science textbooks are not very accurate in what 
they teach
Experimental 20 18 24 18 19
10.8 4 < 0.05
Control 18 17 25 15 25
I think it is important to link ideas together in my 
mind
Experimental 40 26 19 7 8
2.0 4 n.s
Control 38 29 18 7 10
Not everything is a textbook is true
Experimental 20 15 31 17 17
7.6 4 n.s
Control 20 19 27 15 20
The main thing in science is to memorise the facts
Experimental 27 24 28 12 9
1.7 4 n.s
Control 26 23 28 11 11
Scientific knowledge is always clear cut
Experimental 22 21 38 10 10
5.2 4 n.s
Control 21 22 35 13 10
Newspaper reports are a reliable source of 
information on science topics
Experimental 23 23 28 15 11
4.7 4 n.s
Control 26 20 29 13 12
My studies in science have helped me to think more 
carefully
Experimental 50 20 13 6 11
15.7 4 < 0.01
Control 41 24 15 5 15
Table 11.10      Results for Question 8 of Year 1 attitude test
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In several items, the experimental group which used the critical thinking materials 
respond slightly differently. For example, the group  see themselves as more questioning, 
more hesitant to trust everything written in textbooks, and they  are more likely to see 
science as teaching them to think and, indeed, to think more carefully. In the item which 
states, ‘I find drawing conclusions from evidence is often difficult’, the differences are 
more subtle, perhaps indicating that the experimental group are more aware of how 
difficult this can be.  However, while there is some evidence of increased questioning, 
the trust in authority figures remains unaltered.
11.3 Survey:  Year 3 (N = 800)
(1)  What is your feeling about science as a subject? χ2 df p
I like science.
Experimental 40 22 17 4 4 13
I don't like science. 30.2 4 < 0.001
Control 41 15 14 6 2 22
I understand it with 
difficulty.
Experimental 14 16 12 15 16 27
I understand it with ease 58.2 5 < 0.001
Control 22 11 17 9 10 32
It is useful in my daily 
life.
Experimental 43 23 17 8 4 5 It is useless in my daily 
life. 19.4 4 < 0.001Control 49 17 14 8 3 10
It is interesting.
Experimental 39 22 17 8 5 10
It is boring. 29.5 4 < 0.001
Control 42 13 19 7 4 15
It is complicated.
Experimental 18 9 18 17 18 21
It is simple. 35.6 5 < 0.001
Control 25 8 15 13 12 28
I am interested in lab 
work.
Experimental 43 17 14 8 6 11 I am not interested in 
lab work. 20.9 5 < 0.001Control 43 12 13 8 6 19
Table 11.11  Results for Question 1 of Year 3 attitude test   
This question aimed to elicit the feelings of the pupils about science as a subject. As 
table 11.11 shows, in general, views tend to be positive, with high significance. In 
particular, it  is apparent that pupils in the experimental group that obtained high marks 
in science tend to have more positive feelings about science than the others.  This 
suggests that their use of the new materials have influenced their feelings towards 
science subjects in a positive direction.
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(2) What is your feeling about laboratory work χ2 df p
Laboratory work is 
interesting
Experimental 56 18 12 5 3 7
Laboratory work is dull 25 4 < 0.001
Control 57 11 11 7 2 12
I do not enjoy 
laboratory work.
Experimental 11 10 8 8 18 46 I do not enjoy 
laboratory work. 8.6 5 n.sControl 14 10 8 8 13 48
I learn many things in 
the laboratory.
Experimental 51 21 13 8 5 3 I do not learn anything 
in the laboratory. 21 4 < 0.001Control 52 16 10 7 3 12
Laboratory work is not 
important.
Experimental 8 5 6 12 23 46 Laboratory work is 
important. 42.7 4 < 0.001Control 13 4 11 15 13 45
Laboratory work is 
difficult.
Experimental 9 6 13 15 20 38
Laboratory work is easy. 33.6 5 < 0.001
Control 11 6 9 17 12 40
I'd like to spend more 
time in the lab.
Experimental 38 14 14 9 11 14 I'd like to spend less 
time in the lab. 11 4 < 0.05Control 42 11 11 10 5 21
Table 11.12      Results for Question 2 of Year 3 attitude test  
Clearly, pupils have positive opinions about their laboratory  work at school in general, 
although paradoxically, the majority  report that they  do not enjoy laboratory work. It is 
of great interest to note that they feel that laboratory  work is interesting, they learn 
many things from it, it is important. and it is easy. This could perhaps be attributed to 
their group being small, and the new material being very interesting to them.
(3) What is your feeling about science lessons χ2 df p
They are boring.
Experimental 15 8 15 11 21 30
They are interesting. 91.3 5 < 0.001
Control 24 6 13 12 9 36
I like science lessons.
Experimental 31 24 18 10 5 13
I hate science lessons. 60.3 4 < 0.001
Control 36 12 15 14 5 17
I understand them 
easily.
Experimental 27 19 21 9 7 17
I just memorise them. 18.8 5 < 0.01
Control 31 15 15 11 8 20
I like going to the 
science club.
Experimental 27 15 17 14 7 20 I do not like going to 
the science club. 20.1 5 < 0.001Control 37 11 14 11 7 21
I do  not like discussion 
in the lessons.
Experimental 15 10 11 11 18 37 I like discussion in the 
lessons. 22.5 5 < 0.001Control 22 7 10 10 13 39
I'd like to spend less 
time in the lab.
Experimental 22 8 12 12 14 32 I'd like to spend more 
time in the lab. 7.4 5 n.sControl 25 6 11 11 11 35
Table 11.13      Results for Question 3 of Year 3 attitude test   
The aim of question 3 is to determine the feelings of the Year 3 pupils about science 
lessons. In several areas, the experimental are significantly more positive than the 
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control group  although, unlike the year 1 group, there is no difference in their views of 
laboratory work.
(4) What do you like best about your science lessons? χ2 df p
doing practical work
Experimental 41
1.7 1 n.s.
Control 44
preparing for a career
Experimental 40
1.2 1 n.s.
Control 42
learning about recent scientific discoveries 
Experimental 57
2.0 1 n.s.
Control 54
finding out about the applications of science in daily life
Experimental 37
0.3 1 n.s.
Control 38
learning how science can improve health
Experimental 38
0.9 1 n.s.
Control 36
learning how science can help the environment
Experimental 37
10.0 1 < 0.01
Control 30
understanding how things work
Experimental 43
2.3 1 n.s.
Control 47
Table 11.14       Results for Question 4 of Year 3 attitude test 
The table above shows that, when pupils were asked what part of science lessons they 
liked best, the two groups responded mainly in similar ways.
(5) What things made you become interested in science? χ2 df
TV programmes 
Experimental 51
2.9 1 n.s.
Control 55
Books, newspapers and magazines
Experimental 25
6.8 1 < 0.01
Control 31
Teacher
Experimental 63
9.7 1 < 0.01
Control 55
Parents
Experimental 31
0.1 1 n.s.
Control 32
Friends
Experimental 23
6.9 1 < 0.01
Control 18
Exhibitions, science centres etc.
Experimental 50
1.0 1 n.s.
Control 47
Internet
Experimental 50
0.1 1 n.s.
Control 50
Table 11.15  Results for Question 5 of Year 3 attitude test  
It can be seen from table 11.15 that  the influence of books, newspapers and magazines 
fell and the influence of teachers and friends rose with the experimental group.
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(6) What do you think about examinations in your school? χ2 df p
It is difficult to revise the whole year's syllabus for the 
final exam.
Experimental 65
0.2 1 n.s.
Control 66
The topics in the examination are not varied enough.
Experimental 15
7.6 1 < 0.01
Control 20
I pass my examinations by trying to understand the ideas.
Experimental 51
0.0 1 n.s.
Control 50
We do not do enough revision in class.
Experimental 19
7.1 1 < 0.01
Control 25
The examinations are easy.
Experimental 31
1.5 1 n.s.
Control 28
I often cannot remember how to do things in the exam.
Experimental 38
1.0 1 n.s.
Control 41
I find revising at home boring.
Experimental 30
11.1 1 < 0.001
Control 23
I pass my examinations by memorising as much as I can
Experimental 45
1.7 1 n.s.
Control 42
Table 11.16  Results for Question 6 of Year 3 attitude test  
There are a few differences between the groups but it is not easy to interpret these in 
terms of the new approaches they have experienced. It is possible that  they might 
suggest some new insights.
(7) Here are some reasons why you should study science subjects χ2 df p
Help me to solve my problems.
Experimental 21
17.0 1 < 0.001
Control 31
Are useful in daily life.
Experimental 53
0.0 1 n.s.
Control 53
Help me to understand the world.
Experimental 58
0.5 1 n.s.
Control 60
Important in improving the world.
Experimental 41
0.5 1 n.s.
Control 39
Help me to understand my body and be healthy.
Experimental 49
13.5 1 < 0.001
Control 40
Science will help me to get a good job
Experimental 16
0.8 1 n.s.
Control 18
Lead to important advances in medicine.
Experimental 42
4.3 1 < 0.05
Control 37
Are important in developing my country’s economy.
Experimental 13
1.6 1 n.s.
Control 15
Table 11.17      Results for Question 7 of Year 3 attitude test 
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There are some signs of increasing social awareness of the role of the sciences with the 
experimental group but it is difficult to interpret why they are less enthusiastic about 
science solving their problems.
(8) Here are some things about science χ2 df p
SA A N D SD
Science teaches me a good way to think
Experimental 33 43 17 4 4
23.8 3 < 0.001
Control 42 34 14 4 7
I do not believe anything before I have evidence
Experimental 35 33 23 8 2
10.0 3 < 0.05
Control 34 28 23 9 6
I accept that what my science teacher tells me is correct
Experimental 30 35 27 5 3
23.0 3 < 0.001
Control 35 26 25 7 6
I like to question everything I am taught
Experimental 33 33 20 11 4
11.0 3 < 0.05
Control 31 29 20 12 9
TV is very accurate as we can see what is actually 
happening
Experimental 24 25 33 13 5
6.6 3 n.s
Control 27 24 28 13 9
I like to look carefully at the evidence before I give my 
opinion
Experimental 41 33 16 7 3
35.3 3 < 0.001
Control 41 22 21 10 6
I find drawing conclusions from evidence is often difficult
Experimental 14 30 35 15 7
35.6 4 < 0.001
Control 24 23 29 13 12
Those in authority say what is correct
Experimental 9 18 36 18 20
20.4 4 < 0.001
Control 17 15 34 14 20
Science textbooks are not very accurate in what they teach
Experimental 12 20 30 24 14
20.4 4 < 0.001
Control 20 15 28 21 15
I think it is important to link ideas together in my mind
Experimental 42 31 17 6 4
13.0 3 < 0.01
Control 46 25 15 7 7
Not everything is a textbook is true
Experimental 10 18 34 18 21
40.5 4 < 0.001
Control 21 12 33 18 15
The main thing in science is to memorise the facts
Experimental 24 32 30 11 4
7.3 3 n.s
Control 28 27 27 9 9
Scientific knowledge is always clear cut
Experimental 13 24 47 12 4
25.0 3 < 0.001
Control 21 24 36 11 9
Newspaper reports are a reliable source of information on 
science topics
Experimental 18 28 29 18 7
17.3 4 < 0.01
Control 18 22 34 15 11
My studies in science have helped me to think more 
carefully
Experimental 39 31 17 5 9
25.5 3 < 0.001
Control 43 23 14 11 9
Table 11.18  Results for Question 8 of Year 3 attitude test  
There are numerous areas where the experimental group (who had experienced the 
teaching materials using a critical thinking approach) think differently from the control 
group. In many cases, the experimental group  are showing viewpoints that are 
encouraging while, in other items, the experimental group tend to to be less willing to 
hold strong views.
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Thus, the experimental group indicate that they are prepared to question the accuracy 
and truth of textbooks, implying that they are using critical thinking. They also consider 
that it is important to link ideas together in their minds and that  their science studies 
have taught them to think more carefully, which could be attributed to their exposure to 
the new material.  However, they are less ‘extreme’ in their views about drawing 
conclusions from evidence, about the place of memorisation in science, and in seeing 
science knowledge as clear-cut.
The responses of the Grade 3 pupils contrast with those of the Grade 1 pupils, only one 
of whose responses was significant. This might simply reflect the different materials 
they experienced but it is more likely that it simply reflects age and maturity.
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11.4 Year 1 Gender Comparisons
This section summarises gender comparisons with both groups for year one.
(1) What is your feeling about science as a subject Statistical Comparisons
Groups Data (%) χ2 df p
I like science.
Exptl
Girls 45 8 9 5 2 31
I don't like 
science.
Girls:Expt-contl 120.5 4 < 0.001
Boys 45 23 12 5 2 13 Boys: Expt-contl 109.6 4 < 0.001
Control
Girls 60 14 11 4 2 9 Expl: boys-girls 30.6 4 < 0.001
Boys 35 7 10 8 4 37 Contl: boys-girls 55.8 4 < 0.001
I understand it 
with difficulty.
Exptl
Girls 28 3 10 9 11 36
I understand it 
with ease
Girls: Expt-contl 45.3 4 < 0.001
Boys 16 14 9 14 19 29 Boys: Expt-contl 89.3 5 < 0.001
Control
Girls 14 11 15 7 13 38 Expl: boys-girls 19.3 4 < 0.001
Boys 38 13 10 10 6 22 Contl: boys-girls 14.5 5 < 0.05
It is useful in 
my daily life.
Exptl
Girls 58 8 12 5 3 13
It is useless in 
my daily life.
Girls: Expt-contl 40.0 4 < 0.001
Boys 49 15 16 10 3 7 Boys: Expt-contl 23.0 4 < 0.001
Control
Girls 63 16 7 5 4 5 Expl: boys-girls 13.7 5 < 0.05
Boys 46 11 11 7 4 19 Contl: boys-girls 25.4 5 < 0.001
It is interesting.
Exptl
Girls 42 12 11 5 4 22
It is boring.
Girls: Expt-contl 49.1 4 < 0.001
Boys 39 24 13 12 2 10 Boys: Expt-contl 25.9 4 < 0.001
Control
Girls 48 18 14 6 4 8 Expl: boys-girls 21.1 4 < 0.001
Boys 33 17 14 10 4 23 Contl: boys-girls 22.5 5 < 0.001
It is 
complicated.
Exptl
Girls 35 6 5 11 9 33
It is simple.
Girls: Expt-contl 88.9 5 < 0.001
Boys 17 7 13 13 18 32 Boys: Expt-contl 80.9 5 < 0.001
Control
Girls 13 5 6 10 15 48 Expl: boys-girls 26.6 4 < 0.001
Boys 43 7 11 10 7 21 Contl: boys-girls 62.6 5 < 0.001
I am interested 
in lab work.
Exptl
Girls 44 12 11 9 3 18
I am not 
interested in lab 
work.
Girls: Expt-contl 22.1 4 < 0.001
Boys 39 17 14 9 5 16 Boys: Expt-contl 14.2 4 < 0.01
Control
Girls 50 15 11 8 5 9 Expl: boys-girls 2.8 4 n.s.
Boys 43 11 12 8 3 22 Contl: boys-girls 13.9 4 < 0.01
Table 11.19      Results for Question 1 of Year 1 by gender
Looking at  boys and girls comparisons (contingency  test chi-square), it is clear that the 
perceptions of the girls in the control group in relation to science as a subject are more 
positive than the perceptions of the boys control group. With the experimental groups, 
the perceptions of the boys have become more powerfully enhanced.
Looking at  experimental compared to control groups (goodness-of-fit chi-square), the 
girls in the experimental group have, in fact become more negative in perception while 
the boys have become more positive in perception 
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(2) What is your feeling about laboratory work Statistical Comparisons
Groups Data (%) χ2 df p
Laboratory work 
is interesting
Exptl
Girls 45 8 9 5 2 31
Laboratory work 
is dull.
Girls: Expt-contl 24.0 3 < 0.001
Boys 45 23 12 5 2 13 Boys: Expt-contl 4.6 3 n.s.
Control
Girls 60 14 11 4 2 9 Expl: boys-girls 5.3 5 n.s.
Boys 35 7 10 8 4 37 Contl: boys-girls 13.1 3 < 0.01
I do not enjoy 
laboratory work.
Exptl
Girls 28 3 10 9 11 36
I enjoy laboratory 
work.
Girls: Expt-contl 15.3 4 < 0.01
Boys 16 14 9 14 19 29 Boys: Expt-contl 39.0 5 < 0.001
Control
Girls 14 11 15 7 13 38 Expl: boys-girls 5.6 5 n.s.
Boys 38 13 10 10 6 22 Contl: boys-girls 30.2 4 < 0.001
I learn many 
things in the 
laboratory.
Exptl
Girls 58 8 12 5 3 13
I do not learn 
anything in the 
laboratory.
Girls: Expt-contl 14.7 4 < 0.01
Boys 49 15 16 10 3 7 Boys: Expt-contl 25.7 5 < 0.001
Control
Girls 63 16 7 5 4 5 Expl: boys-girls 17.2 5 < 0.01
Boys 46 11 11 7 4 19 Contl: boys-girls 19.3 4 < 0.001
Laboratory work 
is not important.
Exptl
Girls 42 12 11 5 4 22
Laboratory work 
is important
Girls: Expt-contl 24.2 4 < 0.001
Boys 39 24 13 12 2 10 Boys: Expt-contl 96.2 5 < 0.001
Control
Girls 48 18 14 6 4 8 Expl: boys-girls 16.7 4 < 0.01
Boys 33 17 14 10 4 23 Contl: boys-girls 39.9 4 < 0.001
Laboratory work 
is difficult.
Exptl
Girls 35 6 5 11 9 33
Laboratory work 
is easy.
Girls: Expt-contl 8.8 4 n.s.
Boys 17 7 13 13 18 32 Boys: Expt-contl 29.3 5 < 0.001
Control
Girls 13 5 6 10 15 48 Expl: boys-girls 17.8 4 < 0.01
Boys 43 7 11 10 7 21 Contl: boys-girls 20.8 5 < 0.01
I'd like to spend 
more time in the 
lab.
Exptl
Girls 44 12 11 9 3 18
I'd like to spend 
less time in the 
lab.
Girls: Expt-contl 65.7 4 < 0.001
Boys 39 17 14 9 5 16 Boys: Expt-contl 44.0 4 < 0.001
Control
Girls 50 15 11 8 5 9 Expl: boys-girls 18.3 4 < 0.01
Boys 43 11 12 8 3 22 Contl: boys-girls 25.8 4 < 0.001
Table 11.20      Results for Question 2 of Year 1 by gender
From table 11.20 above, showing the comparison between boys and girls (contingency 
test chi-square), it can be seen that girls in the control group perceive laboratory work 
more positively  than do the boys in the control group, apart from the fact that boys are 
more positive concerning the importance of labwork. However, there are few 
differences between boys and girls in the experimental groups. 
When comparing the experimental groups to the control groups (goodness-of-fit chi-
square), it can be seen that the boys in the experimental group have, in fact  become 
more positive in their perceptions, while the girls’ perceptions have become more 
negative in certain questions.
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(3) What is your feeling about science lessons Statistical Comparisons
Groups Data (%) χ2 df p
They are boring
Exptl
Girls 26 6 11 8 7 43
They are 
interesting.
Girls: Expt-contl 27.2 5 < 0.001
Boys 18 6 7 14 16 41 Boys: Expt-contl 76.7 4 < 0.001
Control
Girls 15 5 7 12 10 50 Expl: boys-girls 14.8 5 < 0.05
Boys 44 5 12 9 8 24 Contl: boys-girls 50.5 5 < 0.001
I like science 
lessons.
Exptl
Girls 37 12 11 9 5 27
I hate science 
lessons.
Girls: Expt-contl 72.9 4 < 0.001
Boys 38 18 17 9 5 14 Boys: Expt-contl 46.1 4 < 0.001
Control
Girls 53 15 13 5 3 10 Expl: boys-girls 13.4 5 < 0.05
Boys 27 11 16 8 3 35 Contl: boys-girls 47.7 5 < 0.001
I understand them 
easily
Exptl
Girls 42 8 30 8 3 24
I just memorise 
them.
Girls: Expt-contl 42.5 4 < 0.001
Boys 34 20 16 13 4 15 Boys: Expt-contl 60.0 5 < 0.001
Control
Girls 45 12 16 9 6 10 Expl: boys-girls 19.6 5 < 0.01
Boys 22 9 18 13 5 32 Contl: boys-girls 41.7 4 < 0.001
I like going to the 
science club.
Exptl
Girls 41 6 13 9 4 19
I do not like going 
to the science 
club.
Girls: Expt-contl 6.1 5 n.s.
Boys 43 16 10 8 6 17 Boys: Expt-contl 27.9 5 < 0.001
Control
Girls 41 12 11 9 5 20 Expl: boys-girls 9.7 5 n.s.
Boys 36 8 13 10 7 26 Contl: boys-girls 4.9 5 n.s.
I do  not like 
discussion in the 
lessons.
Exptl
Girls 30 7 7 7 8 40
I like discussion 
in the lessons.
Girls: Expt-contl 3.1 5 n.s.
Boys 17 10 13 7 17 36 Boys: Expt-contl 38.2 5 < 0.001
Control
Girls 26 9 8 7 9 39 Expl: boys-girls 20.0 5 < 0.01
Boys 33 6 11 8 9 33 Contl: boys-girls 5.4 5 n.s.
I'd like to spend 
less time in the 
lab.
Exptl
Girls 33 5 7 9 5 39
I'd like to spend 
more time in the 
lab.
Girls: Expt-contl 57.7 4 < 0.001
Boys 26 8 12 13 9 32 Boys: Expt-contl 5.9 5 n.s.
Control
Girls 14 7 7 10 10 49 Expl: boys-girls 11.4 4 < 0.05
Boys 26 6 13 10 7 37 Contl: boys-girls 15.4 5 < 0.01
Table 11.21      Results for Question 3 of Year 1 by gender
Regarding the comparison between boys and girls (contingency test chi-square), it can 
be seen that in the control groups, the perceptions of the girls in relation to science 
lessons are more positive than those of the boys for the majority  of the questions. This is 
in contrast to the  experimental groups, where there are few differences between boys 
and girls.
Comparing the experimental and control groups (goodness-of-fit chi-square), in many 
questions, the perceptions of the girls in the experimental group have become more 
negative, whereas those of the boys have become more positive for some questions.
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(8) Here are some things about science Statistical Comparisons
Groups Data (%) χ2 df p
Science teaches me a good way to 
think
Exptl
Girls 39 25 23 5 9 Girls: Expt-contl 19.9 3 < 0.001
Boys 48 34 10 4 6 Boys: Expt-contl 25.4 3 < 0.001
Control
Girls 44 33 17 2 6 Expl: boys-girls 16.4 3 < 0.001
Boys 32 24 22 7 16 Contl: boys-girls 23.9 3 < 0.001
I do not believe anything before I have 
evidence
Exptl
Girls 33 26 22 9 10 Girls: Expt-contl 4.9 4 n.s
Boys 35 21 26 5 12 Boys: Expt-contl 14.9 4 < 0.01
Control
Girls 34 23 24 9 7 Expl: boys-girls 5.0 4 n.s
Boys 37 25 16 7 14 Contl: boys-girls 9.0 4 n.s
I accept that what my science teacher 
tells me is correct
Exptl
Girls 26 31 25 10 8 Girls: Expt-contl 7.7 3 n.s
Boys 40 29 21 4 5 Boys: Expt-contl 17.3 3 < 0.001
Control
Girls 34 27 23 11 2 Expl: boys-girls 12.4 3 < 0.01
Boys 32 28 20 4 16 Contl: boys-girls 3.1 3 n.s
I like to question everything I am 
taught
Exptl
Girls 33 20 20 12 13 Girls: Expt-contl 31.1 4 < 0.001
Boys 35 25 17 12 10 Boys: Expt-contl 7.7 4 n.s
Control
Girls 34 25 27 6 6 Expl: boys-girls 2.4 4 n.s
Boys 30 28 18 8 12 Contl: boys-girls 8.3 4 n.s
TV is very accurate as we can see 
what is actually happening
Exptl
Girls 30 20 30 12 7 Girls: Expt-contl 11.2 4 < 0.05
Boys 26 24 29 8 11 Boys: Expt-contl 10.7 4 < 0.05
Control
Girls 22 22 30 11 12 Expl: boys-girls 5.0 4 n.s
Boys 33 22 21 9 14 Contl: boys-girls 8.9 4 n.s
I like to look carefully at the evidence 
before I give my opinion
Exptl
Girls 45 25 20 3 6 Girls: Expt-contl 13.6 3 < 0.01
Boys 41 26 16 11 6 Boys: Expt-contl 9.6 4 < 0.05
Control
Girls 39 33 13 8 4 Expl: boys-girls 6.4 3 n.s
Boys 38 25 17 7 11 Contl: boys-girls 6.6 3 n.s
I find drawing conclusions from 
evidence is often difficult
Exptl
Girls 18 24 35 14 7 Girls: Expt-contl 9.9 4 < 0.05
Boys 18 21 34 14 12 Boys: Expt-contl 14.9 4 < 0.01
Control
Girls 19 24 32 10 12 Expl: boys-girls 3.8 4 n.s
Boys 23 21 29 8 17 Contl: boys-girls 3.4 4 n.s
Those in authority say what is correct
Exptl
Girls 19 14 31 15 20 Girls: Expt-contl 9.8 4 < 0.05
Boys 19 11 28 14 28 Boys: Expt-contl 4.5 4 n.s
Control
Girls 12 15 31 19 16 Expl: boys-girls 3.7 4 n.s
Boys 17 13 33 11 25 Contl: boys-girls 9.7 4 < 0.05
Science textbooks are not very 
accurate in what they teach
Exptl
Girls 19 17 26 16 19 Girls: Expt-contl 6.6 4 n.s
Boys 21 19 22 20 18 Boys: Expt-contl 13.2 4 < 0.01
Control
Girls 15 17 23 16 25 Expl: boys-girls 2.5 4 n.s
Boys 20 15 26 13 23 Contl: boys-girls 2.8 4 n.s
I think it is important to link ideas 
together in my mind
Exptl
Girls 37 26 17 6 10 Girls: Expt-contl 16.9 3 < 0.001
Boys 40 25 19 7 7 Boys: Expt-contl 12.6 4 < 0.05
Control
Girls 40 31 14 3 5 Expl: boys-girls 1.6 4 n.s
Boys 31 24 20 10 13 Contl: boys-girls 19.5 3 < 0.001
Not everything is a textbook is true
Exptl
Girls 19 11 32 16 19 Girls: Expt-contl 8.1 4 n.s
Boys 19 19 29 18 15 Boys: Expt-contl 9.1 4 n.s
Control
Girls 15 18 28 16 18 Expl: boys-girls 5.6 4 n.s
Boys 24 19 24 13 20 Contl: boys-girls 4.6 4 n.s
The main thing in science is to 
memorise the facts
Exptl
Girls 21 19 35 10 11 Girls: Expt-contl 4.4 4 n.s
Boys 31 28 19 12 8 Boys: Expt-contl 10.4 4 < 0.05
Control
Girls 19 24 32 10 9 Expl: boys-girls 17.7 4 < 0.01
Boys 31 20 21 11 13 Contl: boys-girls 13.6 4 < 0.01
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(8) Here are some things about science Statistical Comparisons
Scientific knowledge is always clear 
cut
Exptl
Girls 16 17 40 11 12 Girls: Expt-contl 16.7 4 < 0.01
Boys 26 24 33 8 7 Boys: Expt-contl 17.8 4 < 0.01
Control
Girls 16 22 39 11 6 Expl: boys-girls 13.2 4 < 0.01
Boys 23 20 27 15 13 Contl: boys-girls 14.3 4 < 0.01
Newspaper reports are a reliable 
source of information on science 
topics
Exptl
Girls 22 21 32 14 9 Girls: Expt-contl 2.8 4 n.s
Boys 24 25 22 16 12 Boys: Expt-contl 9.0 4 n.s
Control
Girls 25 19 31 14 7 Expl: boys-girls 5.6 4 n.s
Boys 25 20 25 12 17 Contl: boys-girls 10.3 4 < 0.05
My studies in science have helped me 
to think more carefully
Exptl
Girls 45 22 12 6 14 Girls: Expt-contl 11.4 3 < 0.01
Boys 54 18 14 6 8 Boys: Expt-contl 45.8 4 < 0.001
Control
Girls 48 24 13 2 10 Expl: boys-girls 5.2 4 n.s
Boys 33 23 16 8 21 Contl: boys-girls 20.5 3 < 0.001
Table 11.22     Results for Question 8 of Year 1 by gender
In four of the items, the similar pattern as before can be seen. This reveals girls starting 
from a more positive viewpoint but the boys who undertook the new materials become 
increasingly  positive while the girls who undertook the new materials become 
increasingly negative. The four items are:
Science teaches me a good way to think
I think it is important to link ideas together in my mind
The main thing in science is to memorise the facts
My studies in science have helped me to think more carefully
In two items, there is a different pattern.  In the statement, ‘I accept that what my 
science teacher tells me is correct’, boys and girls start at the same baseline but the boys 
who undertook the new materials become more inclined to accept what the teachers say 
while the girls who undertook the new materials are not different when compared to 
those who did not undertake the new materials.
In the statement, ‘Scientific knowledge is always clear cut’, at the outset the boys are 
more polarised in their views while the boys who undertook the new materials tend to 
see scientific knowledge as increasingly clear cut  while the girls who undertook the new 
materials tend to see scientific knowledge as less clear cut.  In the other items, there are 
either no statistical differences or a differences follow no clear trend.
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11.5 Year 3 Gender Comparisons
This section summarises gender comparisons with both groups for year one.
(1) What is your feeling about science as a subject? Statistical Comparisons
Groups Data (%) χ2 df p
I like science.
Exptl
Girls 39 20 16 4 6 16
I don't like 
science.
Girls: Expt-contl 20.7 4 < 0.001
Boys 40 25 18 4 3 10 Boys: Expt-contl 38.0 4 < 0.001
Control
Girls 51 13 12 4 3 19 Expl: boys-girls 5.3 4 n.s
Boys 30 16 17 8 2 26 Contl: boys-girls 17.4 4 < 0.01
I understand it 
with difficulty.
Exptl
Girls 17 14 13 12 12 32
I understand it 
with ease
Girls: Expt-contl 17.5 5 < 0.001
Boys 12 19 11 18 19 21 Boys: Expt-contl 48.8 5 < 0.001
Control
Girls 19 9 14 8 9 41 Expl: boys-girls 13.5 5 < 0.05
Boys 24 13 19 10 11 22 Contl: boys-girls 17.0 5 < 0.01
It is useful in 
my daily life.
Exptl
Girls 42 19 18 10 5 5
It is useless in 
my daily life.
Girls: Expt-contl 15.8 4 < 0.001
Boys 42 25 16 6 4 5 Boys: Expt-contl 16.3 4 < 0.01
Control
Girls 53 14 14 6 3 7 Expl: boys-girls 4.1 4 n.s
Boys 42 18 12 10 4 12 Contl: boys-girls 8.9 4 n.s
It is interesting.
Exptl
Girls 33 20 17 9 8 12
It is boring.
Girls: Expt-contl 21.3 5 < 0.001
Boys 43 23 16 6 3 8 Boys: Expt-contl 35.4 4 < 0.001
Control
Girls 46 13 17 6 5 12 Expl: boys-girls 10.5 4 n.s
Boys 35 12 20 7 3 17 Contl: boys-girls 4.3 4 n.s
It is 
complicated.
Exptl
Girls 19 9 16 16 14 26
It is simple.
Girls: Expt-contl 16.1 5 < 0.01
Boys 16 9 19 17 21 15 Boys: Expt-contl 32.6 5 < 0.001
Control
Girls 22 7 14 10 12 35 Expl: boys-girls 10.0 5 n.s
Boys 27 9 15 15 11 21 Contl: boys-girls 11.1 5 < 0.05
I am interested 
in lab work.
Exptl
Girls 43 14 17 9 6 12
I am not 
interested in lab 
work.
Girls: Expt-contl 11.5 4 < 0.01
Boys 42 20 11 8 7 11 Boys: Expt-contl 16.5 4 < 0.01
Control
Girls 47 11 13 4 7 17 Expl: boys-girls 4.8 5 n.s
Boys 36 13 13 12 5 19 Contl: boys-girls 5.7 4 n.s
Table 11.23      Results for Question 1 of Year 3 by gender
From table 11.23 above, it can be seen that in the control group, the perceptions of the 
girls are generally more positive than those of the boys, or are at least, equally  positive. 
However, we can observe a change in the experimental groups, as the perceptions of the 
girls and boys are almost equal. However, it is also apparent that the perception of the 
boys in the experimental group, that is, those who have undertaken the new material, are 
more positive than those of the boys in the control group.  In contrast, the perceptions of 
the girls in the experimental group were generally less positive than those of the girls in 
the control group.  This is the same pattern as year 1, although it is less marked.
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(2) What is your feeling about laboratory work? Statistical Comparisons
Groups Data (%) χ2 df p
Laboratory work 
is interesting
Exptl
Girls 50 17 12 6 3 7
Laboratory work 
is dull.
Girls: Expt-contl 25.9 4 < 0.001
Boys 53 17 11 3 3 6 Boys: Expt-contl 22.9 4 < 0.001
Control
Girls 54 12 5 9 2 10 Expl: boys-girls 1.7 4 n.s
Boys 46 9 14 4 2 12 Contl: boys-girls 11.6 4 < 0.01
I do not enjoy 
laboratory work.
Exptl
Girls 11 12 8 6 14 42
I enjoy laboratory 
work.
Girls: Expt-contl 7.9 4 n.s
Boys 9 6 7 8 18 44 Boys: Expt-contl 13.2 5 < 0.01
Control
Girls 11 8 8 7 11 45 Expl: boys-girls 6.8 5 n.s
Boys 13 10 5 7 12 39 Contl: boys-girls 3.5 5 n.s
I learn many 
things in the 
laboratory.
Exptl
Girls 47 17 13 9 6 2
I do not learn 
anything in the 
laboratory.
Girls: Expt-contl 7.5 4 n.s
Boys 47 21 12 6 3 4 Boys: Expt-contl 20.0 4 < 0.001
Control
Girls 44 14 11 6 5 9 Expl: boys-girls 2.8 4 n.s
Boys 46 15 6 7 1 12 Contl: boys-girls 3.1 4 n.s
Laboratory work 
is not important.
Exptl
Girls 8 6 6 10 19 43
Laboratory work 
is important
Girls: Expt-contl 9.2 4 n.s
Boys 7 3 5 12 24 41 Boys: Expt-contl 47.5 4 < 0.001
Control
Girls 10 3 10 12 13 41 Expl: boys-girls 3.4 4 n.s
Boys 13 4 9 14 10 37 Contl: boys-girls 3.0 4 n.s
Laboratory work 
is difficult.
Exptl
Girls 9 6 11 13 17 38
Laboratory work 
is easy.
Girls: Expt-contl 16.2 5 < 0.01
Boys 7 5 12 15 19 31 Boys: Expt-contl 24.9 5 < 0.001
Control
Girls 9 6 7 14 10 43 Expl: boys-girls 2.4 5 n.s
Boys 18 6 9 15 12 25 Contl: boys-girls 15.3 5 < 0.01
I'd like to spend 
more time in the 
lab.
Exptl
Girls 34 13 12 10 12 13
I'd like to spend 
less time in the 
lab.
Girls: Expt-contl 30.3 5 < 0.001
Boys 36 14 15 7 9 13 Boys: Expt-contl 5.3 4 n.s
Control
Girls 38 9 8 10 5 20 Expl: boys-girls 2.9 5 n.s
Boys 35 9 11 8 4 17 Contl: boys-girls 1.8 4 n.s
Table 11.24      Results for Question 2 of Year 3
Table 11.24 above shows that in the control group, the perceptions of the boys and girls 
were equal in four out of the six items, while boys had a more positive perception for 1 
question and girls had a more positive perception for the remaining one. However, in 
the experimental groups, boys and girls were similar for all 6 items.  
However, comparing the boys’ experimental and control groups (goodness-of-fit chi-
square), it can be seen that the perceptions of boys in the experimental group are more 
positive than those in the control group for 5 out of 6 items, while it is the same for 1 
item. In contrast, comparing the girls’ experimental and control groups (goodness-of-fit 
chi square), it can be seen that  the perceptions of the girls in the experimental group 
were slightly  less positive than those of the girls in the control group  for 2 items and 
similar for the remainder. 
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(3) What is your feeling about science lessons Statistical Comparisons
Groups Data (%) χ2 df p
They are boring
Exptl
Girls 18 8 20 10 16 29
They are 
interesting.
Girls: Expt-contl 53.0 4 < 0.001
Boys 13 8 11 11 25 31 Boys: Expt-contl 56.5 5 < 0.001
Control
Girls 21 4 12 12 6 44 Expl: boys-girls 10.9 5 n.s
Boys 27 9 13 12 11 27 Contl: boys-girls 15.2 4 < 0.01
I like science 
lessons.
Exptl
Girls 29 19 19 11 7 15
I hate science 
lessons.
Girls: Expt-contl 51.4 4 < 0.001
Boys 32 29 17 9 2 11 Boys: Expt-contl 61.2 4 < 0.001
Control
Girls 48 11 9 13 3 15 Expl: boys-girls 9.3 4 n.s
Boys 22 13 20 15 7 19 Contl: boys-girls 30.1 4 < 0.001
I understand them 
easily
Exptl
Girls 30 17 18 7 7 21
I just memorise 
them.
Girls: Expt-contl 21.8 5 < 0.001
Boys 24 20 24 11 8 12 Boys: Expt-contl 24.9 5 < 0.001
Control
Girls 41 18 10 9 7 16 Expl: boys-girls 10.1 5 n.s
Boys 19 12 20 13 8 23 Contl: boys-girls 27.8 5 < 0.001
I like going to the 
science club.
Exptl
Girls 31 16 14 16 6 17
I do not like going 
to the science 
club.
Girls: Expt-contl 19.4 5 < 0.01
Boys 23 13 19 12 8 23 Boys: Expt-contl 30.2 5 < 0.001
Control
Girls 30 10 14 10 8 24 Expl: boys-girls 8.5 5 n.s
Boys 40 11 13 11 6 15 Contl: boys-girls 7.9 5 n.s
I do  not like 
discussion in the 
lessons.
Exptl
Girls 19 12 9 10 16 35
I like discussion 
in the lessons.
Girls: Expt-contl 13.4 5 < 0.05
Boys 12 7 12 11 19 37 Boys: Expt-contl 21.6 5 < 0.001
Control
Girls 21 7 8 8 13 42 Expl: boys-girls 6.7 5 n.s
Boys 23 7 11 11 12 35 Contl: boys-girls 2.8 5 n.s
I'd like to spend 
less time in the 
lab.
Exptl
Girls 22 9 12 14 10 35
I'd like to spend 
more time in the 
lab.
Girls: Expt-contl 14.5 5 < 0.05
Boys 22 7 12 10 18 29 Boys: Expt-contl 22.9 5 < 0.001
Control
Girls 24 7 12 7 13 36 Expl: boys-girls 8.1 5 n.s
Boys 25 5 10 14 9 32 Contl: boys-girls 7.1 5 n.s
Table 11.25      Results for Question 3 of Year 3 by gender
Looking at the control group, it is apparent that the perceptions of the boys are less 
positive or the same as those of the girls, apart from their perceptions of science club, 
for which the boys are more positive than the girls. However, in the experimental 
groups, the perceptions of boys and girls were completely even for all items. 
However, comparing the boys’ experimental and control groups (goodness-of-fit chi-
square), the table shows that  the perceptions of boys in the experimental group are more 
positive than those in the control group for all items, apart from science club.  A 
comparison of the girls’ experimental and control groups (goodness-of-fit chi square) 
reveals results that are less clear, but in several cases, the perceptions are less positive 
than those of the experimental group, although this is not the case for science club, 
where their perceptions are slightly more positive. 
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(8) Here are some things about science Statistical Comparisons
Groups Data (%) χ2 df p
Science teaches me a good way to 
think
Exptl
Girls 32 42 18 5 4 Girls: Expt-contl 11.8 3 < 0.01
Boys 34 43 17 3 3 Boys: Expt-contl 17.7 3 < 0.001
Control
Girls 43 33 15 4 4 Expl: boys-girls 2.1 3 n.s
Boys 39 33 13 3 10 Contl: boys-girls 3.0 3 n.s
I do not believe anything before I have 
evidence
Exptl
Girls 34 30 25 9 2 Girls: Expt-contl 1.6 3 n.s
Boys 35 35 21 7 2 Boys: Expt-contl 15.8 3 < 0.01
Control
Girls 32 31 24 9 5 Expl: boys-girls 2.1 3 n.s
Boys 35 24 21 8 8 Contl: boys-girls 2.9 3 n.s
I accept that what my science teacher 
tells me is correct
Exptl
Girls 30 34 27 3 5 Girls: Expt-contl 15.2 3 < 0.01
Boys 30 34 26 7 2 Boys: Expt-contl 8.4 3 < 0.05
Control
Girls 36 25 24 10 4 Expl: boys-girls 0.1 3 n.s
Boys 34 27 25 4 9 Contl: boys-girls 0.4 3 n.s
I like to question everything I am 
taught
Exptl
Girls 34 32 17 11 3 Girls: Expt-contl 12.3 3 < 0.05
Boys 30 33 21 11 4 Boys: Expt-contl 23.8 3 < 0.001
Control
Girls 25 37 16 14 7 Expl: boys-girls 1.6 3 n.s
Boys 35 19 22 11 10 Contl: boys-girls 18.2 4 < 0.01
TV is very accurate as we can see 
what is actually happening
Exptl
Girls 26 21 35 15 2 Girls: Expt-contl 4.2 3 n.s
Boys 22 28 30 12 8 Boys: Expt-contl 2.9 3 n.s
Control
Girls 23 23 31 13 9 Expl: boys-girls 3.8 3 n.s
Boys 29 24 24 13 8 Contl: boys-girls 3.4 4 n.s
I like to look carefully at the evidence 
before I give my opinion
Exptl
Girls 39 31 21 5 5 Girls: Expt-contl 18.4 3 < 0.001
Boys 43 33 11 9 2 Boys: Expt-contl 28.3 3 < 0.001
Control
Girls 42 20 18 13 4 Expl: boys-girls 7.1 3 n.s
Boys 38 22 23 7 8 Contl: boys-girls 1.9 3 n.s
I find drawing conclusions from 
evidence is often difficult
Exptl
Girls 10 24 36 18 8 Girls: Expt-contl 33.0 4 < 0.001
Boys 17 33 31 12 6 Boys: Expt-contl 20.5 4 < 0.001
Control
Girls 22 23 27 13 11 Expl: boys-girls 10.1 4 < 0.05
Boys 24 22 29 11 12 Contl: boys-girls 0.6 4 n.s
Those in authority say what is correct
Exptl
Girls 9 14 34 20 21 Girls: Expt-contl 3.5 4 n.s
Boys 10 20 35 16 18 Boys: Expt-contl 24.1 4 < 0.001
Control
Girls 12 14 31 18 24 Expl: boys-girls 3.4 4 n.s
Boys 21 16 35 10 16 Contl: boys-girls 14.6 4 < 0.01
Science textbooks are not very 
accurate in what they teach
Exptl
Girls 13 18 30 24 13 Girls: Expt-contl 2.2 4 n.s
Boys 12 21 28 22 15 Boys: Expt-contl 26.3 4 < 0.001
Control
Girls 15 16 28 24 16 Expl: boys-girls 1.0 4 n.s
Boys 25 14 27 17 14 Contl: boys-girls 9.0 4 < 0.05
I think it is important to link ideas 
together in my mind
Exptl
Girls 41 28 18 6 5 Girls: Expt-contl 11.3 3 < 0.01
Boys 41 34 16 6 3 Boys: Expt-contl 11.7 3 < 0.01
Control
Girls 52 22 14 5 5 Expl: boys-girls 1.9 3 n.s
Boys 38 27 15 9 9 Contl: boys-girls 10.8 3 < 0.05
Not everything is a textbook is true
Exptl
Girls 8 15 34 19 21 Girls: Expt-contl 4.8 3 n.s
Boys 13 21 31 16 20 Boys: Expt-contl 7.3 3 < 0.05
Control
Girls 16 12 34 20 16 Expl: boys-girls 5.3 4 n.s
Boys 26 12 29 16 14 Contl: boys-girls 7.6 4 n.s
The main thing in science is to 
memorise the facts
Exptl
Girls 26 28 28 11 3 Girls: Expt-contl 5.9 3 n.s
Boys 20 33 28 11 5 Boys: Expt-contl 21.5 4 < 0.001
Control
Girls 25 26 25 12 9 Expl: boys-girls 2.5 3 n.s
Boys 29 26 26 6 8 Contl: boys-girls 5.0 4 n.s
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Scientific knowledge is always clear 
cut
Exptl
Girls 14 22 48 12 1 Girls: Expt-contl 4.2 3 n.s
Boys 12 25 43 11 8 Boys: Expt-contl 20.9 3 < 0.001
Control
Girls 15 26 41 9 6 Expl: boys-girls 2.7 3 n.s
Boys 25 20 28 12 12 Contl: boys-girls 16.1 4 < 0.01
Newspaper reports are a reliable 
source of information on science 
topics
Exptl
Girls 20 27 28 19 5 Girls: Expt-contl 11.7 4 < 0.05
Boys 16 28 29 16 9 Boys: Expt-contl 6.6 4 n.s
Control
Girls 20 20 32 15 10 Expl: boys-girls 4.0 4 n.s
Boys 15 22 34 15 12 Contl: boys-girls 2.1 4 n.s
My studies in science have helped me 
to think more carefully
Exptl
Girls 40 29 17 5 9 Girls: Expt-contl 9.3 3 < 0.05
Boys 38 32 17 4 10 Boys: Expt-contl 23.7 3 < 0.001
Control
Girls 50 23 13 9 5 Expl: boys-girls 0.5 3 n.s
Boys 37 22 14 13 14 Contl: boys-girls 13.3 3 < 0.01
Table 11.26      Results for Question 8 of Year 3 by gender
The table above shows that, for the experimental groups, the boys and girls who 
undertook the new materials were approximately equal in the following eight items: (1, 
3, 4, 5, 9, 10, 13 and 15). 
✤      Science teaches me a good way to think
✤      I accept that what my science teacher is correct.
✤      I like to question everything I am taught.
✤      TV is very accurate as we can see what is actually happening.
✤       Science textbooks are not very accurate in what they teach.
✤       The main thing in science is to memorise the facts
✤      My studies in science have helped me to think more carefully
Boys in the experimental group were shown to be more positive than girls for items 2, 
6, 8 and 11.  On the other hand, girls were more positive than boys for items 12 and 14. 
For item 7, it was more boys than girls who found science difficult. 
For the control groups, however, boys and girls had approximately  the same results for 
3 of the items (3,6 and 14).  However, boys were more positive than girls for the 
following six items: 5, 8, 9,11, 12, 13. For items 1, 2, 4,10, and 15, girls were more 
positive than boys. For item 7, more boys than girls found science difficult.
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11.6  The Overall Findings
It has to be remembered that the survey seeks to explore what the perceptions of the 
students are.  Their responses do not necessarily indicate what the teaching materials 
actually achieved.  Indeed, the expressed perceptions may not reflect reality  in that the 
responses of students merely show what they are saying.
In Saudi Arabia, schools are separated strictly on a gender basis and it is not possible for 
a male researcher to have any direct contact with the girls schools. Thus, it is possible 
that the teachers in the girls schools (who received their instructions by  telephone or in a 
written form) may have be unable to conduct the experimental fully as intended.
Thus, it was possible to ensure, in the boys schools, that the surveys were completed 
with the boys fully aware that  their responses would not be seen by their teachers and 
would not influence their marks in any way.  There is no certainty  that this happened in 
the girls schools.  Indeed, there is no certainty that the new teaching materials were used 
exactly  as intended in the girls schools.  The very marked differences in the response 
patterns between boys and girls need to be considered against this situation.
The patterns of comparisons in years 1 and 3 are similar although not  so clear cut for 
year 3.  This can be summarised as follows: 
In general,-
Girls in control groups were more positive in their responses than boys in control 
groups;
Girls in experimental groups were similar or less positive in their responses when 
compared to boys in experimental groups;
Boys in experimental groups were more positive than boys in control groups;
Girls in experimental groups were less positive than girls in control groups.
In fact, both girls and boys in the experimental groups performed better in the test of 
critical thinking skills when compared to the control groups. Thus, the new teaching 
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materials have brought benefit to both genders although the girls are not convinced that 
this is so (see table 10.19, page 240).
This chapter has presented the findings of a survey  whose purpose was to examine 
various aspects of thinking and critical thinking in the context of science teaching in 
terms of the attitudes of the sample as a whole (for both boys and girls in both years).  
Many of the comparisons are consistent with possible benefits brought by  the use of the 
new approaches based on critical thinking. However, it is worth noting that the 
perceptions did not entirely match the improved performances in both the critical 
thinking test and the tests of understanding. This challenges the assumptions that 
surveys can offer accurate insights into what is actually happening.
The next chapter moves to look at some evidence from interviews.
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Chapter 12
The Interviews
12.1 Interviews
The researcher conducted interviews with both the teachers and inspectors (both male 
and female). Before beginning these interviews, the researcher several points were 
considered in preparation: 
Before initiating the interview the researcher made sure that the teachers and 
inspectors were completely relaxed through general talking and chatting for five 
minutes, away from the topic of the interview.
Writing general remarks during the interviews and refraining from making an audio 
recording of them, as the targeted sample expressed their refusal to be recorded. 
Making clear to the study sample that  the researcher had no authority over them and 
that their responses were for scientific research purposes only.
The duration of each interview was between 20 and 25 minutes so that  annoyance and 
boredom could be avoided.
The researcher conducted all interviews for the male teachers and inspectors.
Some interviews of female teachers and inspectors were conducted by the researcher 
over the telephone.
The remainder of the interviews with the female teachers and inspectors were 
conducted by a female mathematics inspector at  the Education Administration, who 
was in constant contact with the researcher.
The researcher wrote down some general remarks during the interview, and at the end 
he recorded the main answers clearly in writing.
12.2 The Use of Mixed Methods (Quantitative and Qualitative): Triangulation
While some researchers advocate the use of only one research method (i.e. qualitative or 
quantitative), others consider that the use of combination of these methods, known as 
triangulation, can make the research stronger and give a clearer picture of the areas of 
research, as one methods may compensate for the deficiencies of the other (Yin, 1984; 
Muijs, 2004; Cohen & Morrison, 2007). According to Yin (1984), if several information 
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sources are used to arrive at a conclusion in a case-study, then it is probable that the 
accuracy  and reliability  of the result will be enhanced.  In addition, a mixed method 
approach assists in gathering data that are more robust and comprehensive and 
contributes to the researcher’s confidence in the validity  of his/her findings (Cohen and 
Manion, 1994).
To gather data, this study has used a combination of quantitative and qualitative 
methods, such as cognitive tests, questionnaires and interviews.  The reason for using a 
mixed-method approach was in order to obtain the benefits of each approach and the 
contribution they could make to investigating the research questions and obtaining a 
strong result. In addition, as mentioned by Cohen and Manion (1994), such an approach 
permitted the researcher to feel more confident in the results of the study. 
12.3 The Interview Structure
The interviews were designed to be semi-structured.  To focus on the key issues, the 
following plan was used in their conduct (the full schedule is shown in the appendix7).
For the first few minutes, there was general discussion to get  the respondents to relax. 
At this point there were two very short but general questions related to critical thinking:
(1) Have you ever heard of critical thinking?
(2) How do you see critical thinking?
At this point a very brief explanation of how the researcher saw critical thinking was 
offered (visually  when the interview was face-to-face).  The aim here was to ensure that 
interviewer and interview understood the concept in a similar way.
There then followed a series of questions:
(3) Should critical thinking be an objective for education in science?
(4) Do you think our curriculum helps our pupils to think in this way?
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(5) Why does our curriculum not encourage this way of thinking very much?
(6) Even if our curriculum is not very helpful, is it possible to use questions with your 
pupils to encourage them to think critically?
(7) What are the difficulties in encouraging your pupils to think critically?
(8) What would help you most in encouraging your pupils to think critically?
(9) Do your inspectors ever encourage you to develop these skills with your pupils?
There then follow a few questions that explored critical thinking and assessment.
(10) What do you think your examinations are testing?
(11) Is understanding more important then recall?
(12) How do you see ‘understanding’?
(13) Is critical thinking ever required in our examinations?
(14) How can we test critical thinking?
At the end, some very general issues were considered:
(15) What are the most demanding problems you have with your pupils?
(16) Would you like to learn more about critical thinking?
(17) Do you think you would find it  helpful if you attended a short course which gave you 
some ideas about  how to develop critical thinking in your pupils?
(18) Imagine you are the most  powerful person in science education in Saudi Arabia.  In that  
position, what changes would you introduce to science education?
12.4 The General Findings
The following general patterns of experience were found (table 12.1):
Teacher and Inspector Interviews  
Male 
Teachers
Female 
Teachers
Male 
Inspectors
Female 
Inspectors
Number 50 30 8 10
Experience
(Years)
 1-5 5 3
6-10 9 10
10-15 15 11 1 3
15-20 14 3 3 5
20 and more 7 3 4 2
Table 12.1    Teaching Experience
287
Chapter 12
In responding to whether they liked teaching the sciences, most felt  that teaching is a 
worthwhile job of as it  benefits society, or as a reflection of what they  saw as the 
mission of the prophets and messengers, or as a profession which aims to build 
individuals to be productive members of society.  Typical responses included: 
“teaching is the profession of prophets and messengers”, “teaching is a task aimed at 
building a modern society”, “teaching allows me to leave my mark through educational 
output, this mark being reflected in the members of the community.”  An education 
inspectors added that, “educational supervision is a fertile field for development and 
innovation which positively reflects on the entire society”.
On the other hand, a small sample pointed out that they engaged in teaching because of 
compelling circumstances; for example: “I take care of my old father and my family, 
and I cannot live far from them, so I joined the only college in my city, the college of 
education”, “I could not afford the high cost of living in another city that has a large 
university with various specialisations”, “I did not receive adequate vocational 
orientation at the secondary stage to choose my speciality”, “My father was a teacher 
so I wanted to be like him, but later I discovered that the job does not suit me.”
Most interviewees expressed their complete satisfaction with their jobs because they are 
fulfilling a great mission in building the new generation of the Ummah's, particularly in 
this age of science and technology. A very few of the interviewees expressed hesitation:
❖ Excessively long study in science curricula that  focuses on quantity rather than 
quality.
❖ Inadequate time available for teaching.
❖ Excessive teaching responsibilities.
❖ Excessive administrative duties.
Some inspectors added that there was a lack of understanding on the part of teachers of 
the educational inspector's responsibilities and a lack of true desire on the part of the 
teachers for development and improvement.  They felt that there is an excessive number 
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of teachers that need supervision, since each inspector is assigned to a large number of 
teachers in addition to his responsibility  of supervising educational courses and 
demanding administrative tasks.  Their job involves travel to distant locations to 
supervise teachers in towns and villages which can sometimes mean a 120 km round 
trip. 
In response to, “Do you believe the community appreciates your work?”, the responses 
to this question varied widely.  A large number indicated the existence of a positive 
relationship  encouraged by  society through constant and strong contact between the 
teachers and the community's individuals. This is represented in the support provided by 
society for the school and its activities when attending parental meetings, through the 
visits made by the student counsellors, and the periodic conferences, with teachers, 
which reflects positively on the educational process, and also through the students' 
punctuality and active participation in school activities.  However, there was also a 
small number of interviewees who believed that the employees of communication 
companies, and government establishments such as medical doctors, pharmacists, and 
lawyers are those who enjoy society's recognition and respect most, while teachers 
occupy a lower rung on the job ladder in the view of society.
Some inspectors added that society is not appreciative of the work of the educational 
inspector, and the solution to this could be found in the following: 
✴ “Dedicating a special day for the teachers and the inspectors to highlight their roles 
and importance.”
✴ “Making cards for teachers and inspectors allowing them reduced charges and prices 
with organisations such as airlines, hospitals, etc. as a mark of recognition from 
society to teachers and inspectors.”
✴ “Highlighting all aspects of the roles of teachers and schools through information in 
the media.”
✴ “Setting up evening clubs for teachers and inspectors in which a sample of 
community members could participate, and where forums and various activities could 
be conducted.”
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12.5 Knowledge and understanding of critical thinking
This question was interesting and elicited a wide range of opinions from the teachers 
and inspectors (see table 12.2).  Interestingly, the responses of teachers responses 
seemed to relate strongly with their years of service.
Years of service Typical Responses
20 years or more Had not heard about critical thinking
15 to 19 Confused in their understanding of different modes of thinking
10 to 14 Had had a brief synopsis in the preparation programme.
5 to 9 Had obtained good theoretical information but without practical application.
The inspectors
They had no problem in the theoretical aspect of scientific thinking for they had obtained 
publications, pamphlets, and circulars from the Ministry of Education; in addition to having 
attended short  courses on scientific thinking but most of them emphasised that the problem lay in 
manner of application in different science curricula (chemistry, physics, biology, geology) 
through scientific examples.
On the other hand, the inspectors believed that new science curricula in the kingdom assisted the 
students in practising critical thinking skills.
Table 12.2    Knowledge of Critical Thinking
As so often, the views of school inspectors differed quite markedly from those of 
practising teachers. Indeed, the inspectors believed that new science curricula in the 
kingdom assisted the students in practicing critical thinking skills.  No evidence was 
offered for this observation.
In eliciting descriptions of what respondents thought critical thinking was, the answers 
revealed a considerable ignorance.  Typical responses included:  “It is a type of 
scientific knowledge the students must be trained in”, “It is scientific thinking itself”, 
“It is a kind of information”, “It is standardised scientific steps followed by the student 
to solve a problem.”
With such diverse understandings, it is highly unlikely  that the skills of critical thinking 
were being developed with school students.
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12.6 Critical thinking as an objective for science education
There was a consensus among all the interviewees that critical thinking is an important 
objective of science instruction in the science age.  This is interesting, given their 
diverse understanding of what critical thinking actually  is.  One responses noted: 
“Today's world is like a small village due to the communication media, this village 
contains the good and the bad; science curricula ought to provide students with 
scientific means to select what is appropriate through practising sound thinking and in 
this way we instill confidence in our sons and daughters who  set out to choose a good 
and righteous path in line with their life's religious, social, and cultural aspects, 
through utilising critical and scientific thinking.”  
This suggests some understanding of the nature of critical thinking.
12.7 The curriculum as an aid to critical thinking
Most of the interviewees agreed with the reply  of one respondent who indicated that 
science curricula are “crowded with information as well as theoretical and practical 
skills designed to point in one directions leading to memorisation and away from 
thinking, and causing the teachers to hastily complete the school subject in the time 
specified, which negatively affects the course of the learning process and the teaching of 
science.”
In addition, science curricula rely on memorisation, “teacher preparation is very weak 
in the preparation programmes at the universities” and some schools “do not have 
scientific laboratories, and the schools occupy buildings not designed to serve as school 
buildings.” Among the solutions suggested for this were the following: 
★ “Developing appropriate scientific materials quantitatively as well as qualitatively 
for each educational stage”
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★ “Structuring the academic science curricula clearly”
★ “Reducing the administrative duties shouldered by the teacher which would lead to 
the science curricula and subjects being more conducive to promoting different 
modes of thinking.” 
However, a large segment of the interviewees believed that modern science curricula 
now applied in the kingdom of Saudi Arabia assisted in the students' acquisition of 
critical and scientific thinking skills, with the inspectors emphasising this more than the 
teachers.
12.8 Teaching to encourage critical thinking
There was general agreement that it was possible to teach towards critical thinking but 
they  asked that  numerous shortcomings were remedied. The most significant of these 
were: “the teachers' and inspectors' administrative tasks”, "the lack of courses 
available to develop this type of thinking in the teachers and inspectors”, “lack of 
equipment and laboratories”, “inadequate contact between the universities and 
education administration focussing on shared points”
It is difficult to see how some of their suggestions were in any way  related to 
developing critical thinking but perhaps they expressed some levels of general 
frustration.
At the same time, a small number of the interviewees pointed out that it would be 
completely impossible due to the inadequacy of the preparation programmes aiming to 
provide training in this mode of thinking at universities, that any change would require 
time, effort and money, and that a rapid solution could not be provided within 45 
minutes, which is the duration of the teaching periods. They  also mentioned the absence 
of the required tools and materials to simplify concepts.
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12.9 Difficulties in encouraging critical thought
A large number of the teachers indicated that the difficulties were mainly the following: 
Multiplicity of teaching and administrative duties, with the teacher's load reaching 
20-24 teaching periods weekly.
Large numbers of students in the classrooms, up to 40 students, which makes it 
difficult for the teacher to follow them up in one teaching period.
Long study subjects that need to be completed within a specific time, rendering the 
teacher a transmitter of information, using the lecture method as the only teaching 
medium inside the classroom.
While a small number of the interviewees believed that all difficulties could be 
overcome (managed) if the teachers possessed the true desire to remedy these 
difficulties, a large portion of which could be addressed inside the class utilising 
efficient teaching strategies based upon modern instructional strategies.
As for the inspectors, they were all of one mind regarding the difficulties they face: 
Lack of previous knowledge on the part  of the teachers regarding critical thinking, and 
those who know about it have only theoretical. knowledge
Absence of a true desire on the part of the teachers for self-development.
Excessive teaching duties for the teachers.
Large numbers of students in the classroom.
Overcrowded science curricula. 
The existence of some negative attitudes held by some teachers towards renewal, 
creativity, and innovation since they prefer holding on to outmoded method they were 
used to.
Lack of belief of some teachers in this style of thinking.
The differences in views between inspectors and practising teachers was found to be 
very marked.
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12.10 Encouraging critical thought
The teachers agreed that the important points that would help more than others in 
encouraging students to apply  critical thinking are for science curricula to contain 
scientific activities that would enable students to employ  critical thinking, and all modes 
of thinking. In addition, it would also be helpful to change from traditional evaluation 
styles to a style that would challenge students’ thinking and encourage them to utilise all 
modes of thinking and stimulate their logical thinking to work out these problems.
At the same time, the inspectors stressed the usefulness of holding training courses, 
workshops, and applied programmes for the teachers based upon critical thinking and 
encouraging visits among teachers to exchange sharing their experience, in addition to a 
model lesson using the style of critical thinking clearly illustrating practicably the 
mechanism of employing this type of thinking, and having it  (the lesson) distributed to 
the teachers.  The teachers would need to be motivated to utilise modern teaching 
strategies that  would assist  in promoting the skills of critical thinking in science 
instruction, and the supervision departments should send periodic publications aiming 
to explain and illustrate these strategies.
Most teachers considered that the inspection styles employed by the inspectors 
encouraged the teachers to use certain methods to promote thinking skills in general, 
including the skills of critical and scientific thinking. This was done through visits, 
discussions, meetings, and providing applied examples through school curricula 
(science curricula), and on how to activate this when concentrating on giving the 
students the opportunity to converse, questions, and scrutinize information and 
scientific evidence.
A small number of the teachers indicated that the inspectors would focus on academic 
tasks such as the preparation notebook and its organisation, and the study plan; they  also 
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gave importance to the number of completed parts of the study subject, which need to 
be in line with the plan in the preparation notebook.
Sometimes, the inspectors would focus on the need to engage students in discussion 
during the course of the science class or lesson to illustrate a concept, law or scientific 
principle, a fact, or a scientific theory, in order for the lesson to remain interactive, 
without concentrating on any mode of thinking.
All inspectors agreed that the Ministry of Education always encouraged the inspectors 
to concentrate on different thinking modes and ways of promoting them through 
different science curricula; through illustrative publications and pamphlets; through 
setting up workshops and specialised courses and seeking the expertise of experts in 
their fields, and; through conducting conferences and workshops with a view to opening 
discussion among the inspectors themselves, and with academic specialists at other 
times, in order to further enrich and deepen discussion involving different topics.
12.11 Assessment
A large number of the interviewees indicated that their tests measured objectives 
(cognitive, skill, emotional) generally, and were also concerned with different cognitive 
levels (knowledge, comprehension, application, analysis, synthesis and evaluation), but 
that they  mainly dealt with lower cognitive levels (knowledge, comprehension, 
application).  In addition, their tests measured the degree of the students' understanding 
of science (principles, laws, scientific theories), and the influence of these on the 
students' general life, and the extent of their acquisition of the academic materials.
At the same time, a small number of the interviewees believed that they would 
concentrate on thinking generally through indirect questions and that stimulating the 
students by clearly specified and structured scientific questions would encourage them 
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to utilise the style of scientific thinking, creativity and innovation, in working out the 
problems and in line with their potential, abilities, and the school environment 
surrounding them and in which they  live.  An interesting response was: “Instead of 
asking them to illustrate the difference between the animal cell and the plant cell in a 
table…. I draw the cell …. and the question would be: is this an animal or plant cell, 
and why?”
The inspectors emphasised that it would be very difficult to judge the teachers' tests 
with one measure, but on the whole, most teachers' tests for their students are structured 
according to one pattern, which is memorisation and rote learning and the linking of 
different information through a simple stimulation of the students' thinking. 
These are tests that  focus on memorisation and others on memorisation and 
understanding; that would not preclude the existence of teachers eager to measure 
educational and scientific aspects in their students through their questions, which is 
what made us seek their help in setting up courses for teachers about the mechanism of 
evaluating students.  The inspectors believed that  the more types of tests there were, the 
better the individual differences of the students could be accommodated.
12.12 Understanding and Recall
All the interviewees answered that understanding is more important  and offered a range 
of reasons:
 “retaining the effect of learning and maintaining information”
“promoting scientific (academic) culture by students. or help to developed scientific 
(academic) culture  in students”
“utilising what they have learned to maintain their health and environment and 
scientifically to interpret cosmic phenomena, without confusion, randomisation, 
superstitions, and trial and error”
“boosting the students’ confidence”
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“being the key to scientific knowledge”
“linking scientific ideas and thoughts”
“developing students' abilities and a sound understanding of the scientific (academic) 
subjects” 
When asked how they saw understanding, there were four broad categories of responses
First category:  This sees that understanding assists the students to accommodate the 
school and societal environment through a sound understanding of the scientific 
material that would enable them to adapt to their environment and deal with it 
appropriately, such as by preserving their health and adopting scientific methods in 
working out their different problems.
Second category: This focuses on the benefits of understanding: “Understanding 
increases students’ self-confidence”,“Understanding assists in retaining knowledge”, 
“Understanding assists in utilising previous learning and comprehending subsequent 
learning”, “Understanding enables students' to develop their scientific potential and 
build their personalities”
Third category:  They say that, “when you correctly understand a certain topic you are 
necessarily able to discover any future error occurring in this matter”, “Understanding 
is the essence of the learning process since it is the tool that increases the student's self-
confidence and respects his mentality.”
Fourth category:  They stress that  understanding results from memorisation and rote 
learning since when you memorise information you will be able to remember it, even 
partially, and you will be able to recall it whenever you wish.  Thus,“When you 
memorise the principles of general health, you would apply them and protect yourself 
regardless of the level of understanding because you understand this information 
sufficiently to enable you to follow them even to a small extent.”
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This reveals a considerable confusion of thought, with answers ranging from assertion 
right across to seeing memorisation being essentially  the same as understanding.  The 
idea of being able to apply knowledge successfully is largely absent.
12.13 Critical thinking and assessment
Most interviewees believed that the questions measure basic thinking skills generally, 
but there is no assurance that they do measure critical thinking skills in particular, so 
most of them used words such as  “perhaps, probable, possible, I think, I believe” at the 
start of their answers.  A small group  thought that the questions needed to be 
restructured only to serve our purposes.
When asked about how we can test critical thinking, most of the interviewees indicated 
that science subjects can measure critical thinking through asking questions pertinent to 
the skills of this type of thinking clearly, and that  the questions need to be diversified to 
cover essay questions, objective questions such as fill in the blank, true/false and so 
forth,  while emphasising problems that challenge students' minds and include 
cognitive, skillful, and emotional aspects.
A small segment of the sample stressed the importance of using questions beginning 
with the words: “what, why, how” and that the questions would be diversified based 
upon these words which caused the students’ answers to show logic, association 
(interrelation), deduction, analysis, etc.  Furthermore, it is important when formulating 
questions to observe the conditions of the “good question”, “clarity  of the statement in 
terms of language, scientific accuracy, comprehensiveness, effectiveness of formulation, 
and measuring what is intended to be measured.”
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12.14 The Future
The interviewees identified the following problems and difficulties: 
“excess of teaching and inspection duties”
“large numbers of students in the classroom”
“large study curricula and multiplicity of academic subjects”
“wide variations in the students' levels due to their large numbers in the one 
classroom”
“the teacher is bound to complete the subject matter in the specified time”
“lack of laboratories, and even if they do exist, the room is small, not allowing the 
students to move freely”
“excessively large quantities of academic information focused around one point”
“the existence of one subject (science) containing chemistry, physics, biology, geology, 
and astronomy, causing the student to lose concentration.”
Characteristically, the responses from the inspectors differed considerably:
★“disbelief on the part of some teachers in the role of courses and self-development”
★“some schools are not ready to hold certain courses”
★“undersized classrooms”
★ “undersized laboratories and the difficulty of movement therein, causing less than 
optimal utilisation of these laboratories by the teachers”
Most of the sample wanted to know more about critical thinking.  In response, the 
researcher promised, after the discussion, to provide them with a simplified explanation 
through e-mail or through setting up a site on Facebook and sending a general invitation 
for those who wished to find out more.
Most also wanted to attend a course to explore how to develop critical thinking skills. 
Typical phrases used included:  “finding out about what is new in this respect”, “the 
importance of this mode of thinking”, “getting acquainted with a different educational 
experience” A small portion of the sample thought that attending courses to explore 
how to develop critical thinking skills was, “more important than the courses is 
overcoming the obstacles, and designing curricula focused on quality rather than 
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quantity.”  Regarding the time of the courses, they all agreed that courses should be held 
before the start of the academic year, and not in the evening.
The final question was totally open-ended and asked them what one change they  would 
like to introduce into Saudi Arabian science education.  Five general responses were 
observed:
The first  stresses the importance of the opinions of those in the educational field 
(teachers and inspectors), along with the provision of laboratories, and paying 
attention to excellent academic preparation for technicians and staff working in these 
labs. 
The second emphasises the importance of preparation programmes at  universities and 
the need in these programmes to illustrate modes of thinking theoretically as well as 
practically, and that these programmes should include activities designed to encourage 
the implementation of most types of thinking.
The third advocates holding periodic courses for teachers with the participation of 
specialist  academics at Saudi universities, particularly educationalists, in setting up 
such courses.
The fourth stresses the utility of periodic workshops for teachers and inspectors to 
exchange experiences, in addition to visits by teachers to each others’ classrooms; as 
well as working to produce constantly updated teacher manuals containing new and 
modern teaching strategies and other matters of concern to the science teacher.
The fifth focuses on the need to learn from advanced countries’ experience in science 
instruction, subdividing science into its main subjects (chemistry, physics, biology, 
geology) and structuring the scientific matter, producing it  in print, colour, and 
pictures. In addition, they advocated changing the assessment  procedure so that 
practical work carries 60 % and theoretical work 40 %, thus giving more emphasis to 
the practical in order to achieve science teaching objectives. Science centres should 
also be established in each city to provide periodic training for teachers in all that  is 
new, in addition to linking the colleges of education with the field through these 
centres (courses, workshops, discussions, forums, research) to assist in building a 
generation of teachers capable of attaining the goals and objectives of Saudi society.
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12.15  Conclusions
This chapter discussed the analyses of the data obtained from the interviews with 
science teachers and science inspectors. The aim was to explore the perceptions of these 
teachers and inspectors on critical thinking in science education. 
The most important findings from these interviews can be summarised as follows:
There is general agreement between teachers and inspectors that teaching is a 
worthwhile job that  can benefit  society. However, some teachers and inspectors stated 
that they saw their jobs only as a way to earn money, rather than as a vocation.
Most  of the teachers and inspectors expressed satisfaction with their jobs but  some 
teachers felt  their duties were excessive and that  the curriculum was overcrowded. 
Several inspectors voiced their dissatisfaction with teachers and that  they had to 
supervise too many teachers. 
While a number of teachers felt that  their work was valued by the community, a few 
believed that  the teaching profession had become devalued and that teachers did not 
command the respect from the community to the extent that they once did. 
The more years of service a teacher had, the less knowledge he or she had of critical 
thinking, reflecting its fairly recent  encouragement  in Saudi Arabia.  The views of 
inspectors differed markedly from those of the teachers as they expressed the belief that 
the new science curricula in Saudi Arabia promoted students’ critical thinking skills. 
However, they offered no evidence to support this belief and in general showed a lack 
of understanding of the concept of critical thinking. 
Despite the differences in understanding of what  critical thinking is, all the teachers and 
inspectors agreed that critical thinking was very important in science education. 
Many teachers and inspectors, particularly the latter, agreed that the current  science 
curricula encouraged critical thinking. However, many teachers felt  curriculum 
overcrowding pushed it out and that  teacher preparation programmes in universities 
were inadequate. 
Teachers and inspectors generally agreed that  it was possible to teach towards critical 
thinking, but  that  a number of issues such as a lack of courses available on critical 
thinking for both teachers and inspectors had to be resolved before this would be 
possible. 
The teachers indicated a number of difficulties involved in encouraging critical 
thinking: heavy workload; overcrowded classes; and too much to be completed in the 
curricula. Inspectors also cited these difficulties, but also mentioned a lack of 
knowledge of critical thinking on the part  of teachers, teachers’ lack of desire for self-
development and teachers’ lack of belief in the value of critical thinking. 
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Teachers thought  that students’ critical thinking abilities would be promoted with an 
appropriate curriculum and an assessment system that rewarded the skill.
While many teachers felt  that the inspectors did encourage them to promote thinking 
skills, a small number expressed the opinion that  the inspectors focussed only on 
whether the teacher was keeping pace with the demands of the curriculum. All the 
inspectors agreed that  the Ministry of Education encouraged the inspectors to focus on 
ways of promoting various thinking skills. Some inspectors suggested that to encourage 
critical thinking, there should be more training courses and workshops on critical 
thinking for teachers and greater motivation for them to use modern teaching strategies. 
The majority of the teachers stated that tests measured only lower level cognitive skills 
although a few asserted that  they focussed on attempts to stimulate students’ thinking, 
creativity and innovation in their tests.  The inspectors were of the opinion that the tests 
devised by most teachers involved only memorisation and rote learning. 
All the teachers answered that understanding was more important than recall. When 
asked how they saw understanding, there were four broad categories of response but 
they saw understanding in diverse ways, none of them really getting at  genuine 
understanding.
Most  of the interviewees, both teachers and inspectors, had the impression that  the 
assessment  questions measured basic, general thinking skills, rather than critical 
thinking skills specifically.
When looking at  the problems in developing critical thinking, both teachers and 
inspectors saw many difficulties. However, the answers of the two groups of 
participants differed considerably.
The majority of the teachers and inspectors expressed the desire to learn more about 
critical thinking, perhaps contradicting the impressions given by inspectors.
The last question was open-ended and designed to elicit the views of the respondents as 
to what  changes they would like to make to science education in Saudi Arabia.  The 
responses can be summarised in five broad categories:
Improved consultation and training;
Improved teacher preparation programmes to give teachers a better knowledge of thinking 
skills and how to impart them to pupils.
Regular courses, developed by experts, to update serving teachers’ knowledge.
Regular workshops to encourage better communication between teachers and inspectors, 
visits by teachers to each others’ classrooms and regular updating of teachers’ manuals.
Learning from the experiences of developed countries and changing assessment to place 
more emphasis on practical work, with the establishment of science centres in each city.
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Chapter 13
Summary and Conclusions
13.1 Introduction
In many countries all over the world, the educational focus is turning to thinking skills. 
This has come about as a result of globalisation and the advent of modern technology 
which has allowed the transfer of information to become easier and more rapid in a way 
that was, until recently, inconceivable.  There is also greater access to knowledge than at 
any time in the past. Indeed, the value of what is known is being gradually replaced by 
the increasing value of the knowledge of how and where to obtain information.  In turn, 
this leads to an increasing need to know what knowledge to look for and how to 
evaluate knowledge that is found.
In the light of this, it  is important to emphasise the development of thinking skills and 
this study has focussed on one of these: critical thinking. However, it is essential to 
consider how the brain undertakes this kind of thinking so that the development of 
critical thinking skills can be undertaken in line with the way the brain operates. 
Information processing (and other models of learning) have shown that:
➡ Thinking takes place in the working memory
➡ Critical thinking, therefore, has to take place in the working memory
➡ Long-term memory is used for storage. 
➡ Information, understanding and procedures are stored in the long term-memory.
➡ Linked ideas stored in the long-term memory can construct understanding.
➡ Thinking involves new ideas coming into working memory and then being linked to 
previously-held ideas that are stored in the long-term memory.
All this follows the established model of learning (Figure 13.1).
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Figure 13.1   Critical thinking and working memory
(Source: Author after Johnstone, 1997a)
Thinking takes place in the working memory while information, understanding and 
procedures are stored in the long term-memory.  In exploring and seeking to measure 
critical thinking, it is important to take into account the limitations of the capacity  of 
working memory.
13.2  Main Research Questions
The following questions were addressed:
(1) Can critical thinking skills be described operationally?
(2) Can critical thinking skills be measured?
(3) Can critical thinking skills be developed?
(4) How do critical thinking and its possible development relate to:
 Attitudes towards science subjects
 Performance of Saudi students in examinations
 Performance of students in understanding science 
 Age of students
 Gender of students
(5) How do teachers and inspectors see critical thinking and its development?
Working Memory
Perception 
Filter
Events
Observations
Instructions
Holding
Thinking
Interpreting
Understanding
Problem Solving
Preparing for Storage
Long-term Memory
Knowledge, concepts, 
procedures, skills, emotions 
and attitudes
stored as
matrix of ideas
Critical thinking happens here
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13.3 Experimental Structure
This study involved two major experiments.
13.3.1 Experiment 1 
The first area to explore is how to measure critical thinking.  For this purpose, a test was 
developed where success in the questions was considered to depend on one or more of 
the facets of critical thinking as shown in table 8.2. Critical thinking has been 
conceptualised in terms of asking three questions (how, what, why?) of information, its 
source, and how it fits in with previous knowledge.  This gives rise to nine questions - 
the facets of critical thinking, summarised in table 13.1.
13.1    Facets of Critical Thinking (Source: Author)
In experiment 1, a new test to measure ability  to think critically was developed and 
validated. This was carried out with a sample of 240 school pupils (ages 13-15, years 1 
to 3 in Saudi Arabia). The following measurements were made:
Year 1, age 13, N = 80
Year 2, age 14, N = 80
Year 3, age 15, N = 80
Student Perceptions
Working Memory Test
Critical Thinking Test
School Marks
Table 13.2  Measurements made
Figure 13.2 summarises the findings:
Critical Thinking Model Facets of Critical Thinking 
Asking how of information source, of information itself, 
of information linked to past knowledge
Asking why of information source, of information itself, 
of information linked to past knowledge
Asking what of information source, of information itself, 
of information linked to past knowledge
Information Source
Information Itself
The Linking Process
}How?Why?
What?
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Figure 13.2    Outcomes from Experiment 1 (Source: Author)
Statistical analyses of the data confirm that:
(a) Critical Thinking is NOT  the same as working memory capacity as it  loads onto a 
separate factor.
(b) There is evidence of growth in critical thinking from year 1 to year 3 but  falling standard 
deviation.
(c) The correlation of school marks with working memory capacity are consistently quite 
high.
The data obtained reveal that there are fairly high correlations between the school 
science marks and working memory  capacity, which is typical in science subjects (Reid, 
2009b). This means that the school assessments are, in fact, testing working memory to 
a some extent.  Put another way, the wider evidence shows that  most tests in the 
sciences give the candidates with higher working memory capacities an advantage and 
this is unrelated to their ability (Reid, 2009b).
In the light of the data gained, there is no certainty that the test of critical thinking 
actually tests critical thinking. However, the correlations between the critical thinking 
test scores and working memory capacity  are not significant, implying that the test is 
not simply dependent on working memory capacity.  
Regarding the correlations between the school science mark and the critical thinking 
test score, it can be seen that two of the three correlations (years 2 and 3) are not 
significant. In addition, the correlations fall with age. This suggests that the research is 
Experiment 1
No significant 
correlations
Highly significant correlations
 (p < 0.001)
Correlations
fall the age
Critical 
Thinking 
Test Scores
School 
Science
 Marks
Working 
Memory 
Capacity
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dealing with different curricula and different age groups. The science test marks are also 
measuring various scientific topics.  The fact that the correlations fall with age suggests 
that it becomes less important to use critical thinking to gain good marks in science as 
the pupils get older. This is a negative sign, as it  indicates that the school exams and the 
curricula are inadequate. In addition, the correlations obtained suggest that the critical 
thinking test was not simply measuring what the science tests were measuring.  
Furthermore, pupils were found to have a broadly  negative perceptions of science, 
perhaps because there was so little opportunity to think or to understand, with the 
rewards coming largely  from memorisation and recall (see Jung and Reid, 2009).  The 
next stage involved minor improvements to the critical thinking test (arising from the 
survey and observations when marking). Teaching materials which aim to develop 
critical thinking skills were developed and tested in action.
13.3.2    Experiment 2
The fundamental question is: can critical thinking be enhanced by means of teaching? 
This was tested by allowing a sample of 800 students (ages 13 and 15, years 1 and 3 in 
Saudi Arabia) to complete some new teaching materials. Various measurements were 
made, as summarised in table 13.3. The outcomes were compared to those from 800 
students who did not complete the materials
Year 1, age 13, N = 800
Year 3, age 15, N = 800
Experimental and 
control groups
Student Perceptions
Working Memory Test
Critical Thinking Test
Test of Understanding
School Marks
Table 13.3  Experiment 2 Measurements
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From the data obtained, it was found that:
(a)  There was evidence of growth in critical thinking after using the new materials.
(b)  The growth in critical thinking was greater for year 3.
(b)  Boys are better at critical thinking compared to girls.
However, other observations can be made
Following factor analysis, the critical thinking test loaded onto a separate factor when 
compared to the data from all the other measurements. Thus, the critical thinking test is 
not a measure of working memory capacity, nor recall, nor understanding.
In addition, insights were gained from teachers and school inspectors about how they 
viewed critical thinking. The way the data were considered is illustrated in Figure 13.3.
Figure 13.3    Experiment 2 Data (Source: Author)
13.4 Contribution of the Research
In the increasingly globalised world, information has never been easier to find and can be 
accessed with the click of a computer. However, it is not always immediately apparent whether 
this information is accurate, helpful, useful, or false and perhaps even dangerous.  As pupils 
cannot  be constantly monitored  by their parents or teachers, it  is imperative that  they are taught 
the ability to question information they encounter rather than always accepting it  at face value. 
This is the first  step in critical thinking. The researcher is confident  of having built a sound 
model to describe operational critical thinking based on information. Thus, an attempt has been 
made in this study to move beyond previous literature and to describe critical thinking 
Survey of 
Perceptions
Understanding 
 Science Test
Working 
Memory 
Test
Critical Thinking 
Test
School 
Science 
Marks
Interviews:
teacher and inspectors
Measurements
What do teachers and 
inspectors think?
What do the 
students think?
Is recall related to
 critical thinking?
Is understanding related 
to critical thinking?
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operationally.  A novel and unique test of critical thinking skills was built  based on this model to 
see if these skills can be measured and developed.  Hence, the researcher is confident  that  the 
model and test  have added to the literature, as well as being of benefit to Saudi Arabia and to 
other countries.
13.5 Overall Conclusions
This study has: 
(1) Developed a possible way of describing critical thinking operationally. The factor 
analyses partially support this but the model still needs refinement.
(2) Developed a test  of critical thinking where success in the questions was considered to 
depend on one or more of the facets of critical thinking.
(3) The validity of the test cannot be assessed in that no measure of critical thinking were 
found in the literature.
(4) However, the test  of critical thinking did not measure working memory capacity, recall 
skills or science understanding. Thus, it  is reasonable to consider that  the test  was, in 
fact, measuring critical thinking, at least in part.
(5) It  has been found to be possible to create teaching materials aiming to develop critical 
thinking skills and these worked well with students.
(6) Critical thinking skills (as measured by the critical thinking test) can be developed at 
ages 13 and 15, although the older group made more progress. This might indicate the 
possible limitation of developing critical thinking, depending on age.
(7) Despite attempts to make the material gender neutral, it  was found that boys are slightly 
more able to think critically.  However, this may simply be reflection of the gender- 
separated education in Saudi Arabia.
(8) The survey of teachers and inspectors found considerable confusion of views and lack of 
clarity, although it seems that views are age-related.
In the studies conducted by Serumola and Al-Ahmadi, it was found that the 
development of scientific thinking skills could only take place from about age 16 and 
occurred when there was a learning environment that encouraged or taught such skills 
(Reid and Serumola, 2006, 2007; Al-Ahmadi and Reid, 2011, 2012).
In this study, critical thinking skills can be developed at  an earlier age, using the same 
kind of teaching approaches.
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13.6 Limitations of the Study
The sample consisted of only first, second and third grade pupils, both boys and girls, at 
Intermediate level in state schools in the city of Taif in Saudi Arabia. Hence, the results 
may not be generalisable to other grades, to schools in other part of the country, or to 
private schools.  None the less, in view of the fact that  the curriculum and textbooks are 
the same in every  school in Saudi Arabia, there are grounds to believe that the results 
from the sample in the study may be considered representative of the whole population.
One of the main limitation in this study concerns the validity of the tests, in particular 
the test of critical thinking as it is new, while the other tests were already well-
established or closely based on well-established tests.  For the critical thinking test, 
every  attempt was made to ensure its validity.  All the tests apart form that  for working 
memory, whose validity was already assured, was given to 8 academics and 5 
practitioners for their opinion as to its validity; they  gave them their approval. In 
addition, all the tests were piloted before being administered in the main study.  For 
more details on the validity  of the tests, see Chapter 8, table 8.6.   However, it should be 
noted that there is no simple way to assess the validity of the tests with complete 
objectivity. 
13.7 Implications
There is broad agreement that thinking critically is an important skill and needs to be an 
integral part of all education. This study has suggested an operational description and 
offered a way by  which such critical thinking skills, at least in the sciences, can be 
enhanced. For this to be applied widely  in a country like Saudi Arabia would require the 
development of a wider range of materials and sufficient curriculum flexibility to allow 
these materials to be used.
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The greatest problem might lie in assessment. At the moment, all the rewards in national 
assessment in Saudi Arabia come from accurate recall and this is almost  certainly true in 
many countries. With present knowledge, it is virtually  impossible to assess critical 
thinking skills at an individual level with a high degree of validity and reliability. A 
possible way around this is to specify the curriculum in such a way that all learners are 
expected to have completed a certain minimum number of teaching units related to 
critical thinking during a specific course. Each student who completes these would be 
awarded some marks towards their final total mark (e.g. 5%). The teaching units will all 
have been evaluated with large numbers, in advance, and be known to enhance critical 
thinking skills in a population.
13.8 Reflections
This study has offered an operational description of critical thinking and distinguished 
this clearly from related skills such as scientific thinking, creative thinking or systems 
thinking. It has developed a test and attempted to gain insights into its validity. It has 
been shown that it is possible to develop critical thinking skills.
The area of critical thinking is complex and the literature does not  offer clear ways 
forward. The risk is that this study  has merely offered yet another paradigm of thought, 
generating even more confusion. 
While many steps were taken to gain insights in validity  for the test, there is no certainty 
that the test is actually measuring critical thinking, separated totally from other skills. 
However, there are reasons for optimism.
When carrying out the research described in this thesis, the Saudi culture meant that 
direct contact with girls’ schools and their teachers was impossible for the researcher 
and this almost certainly  affected some of the outcomes. Despite this, it is encouraging 
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that the girls were found to make progress in developing critical thinking skills.  Indeed, 
given the very strong emphasis in Saudi Arabia on recall skills, it is encouraging that 
critical thinking skills were developed so markedly.
One of the early  problems was that all assessment in Saudi Arabia tends to involve 
selecting a right answer or filling in a space.  Therefore, any assessment involving any 
kind of extended writing is very foreign to the school students.
The outcomes from this study can lead to numerous other possibilities for the future:
The researcher would like to apply  the critical thinking test at other educational levels, 
e.g. high school and university, to see if critical thinking skills become more developed 
as pupils grow older.  This test of critical thinking skills could also be used by other 
researchers in other fields, and a comparison could be made between the findings in 
these fields and the findings in this present research on science. In addition, future 
research could be carried out to develop  a wider range of materials across all the 
sciences and test these in action. For instance, researchers could
Look at  younger age groups (perhaps ages 10-12) to see what  critical thinking skills 
are present and whether these can be enhanced by the same types of approach.
Consider whether the development  of critical thinking skills has any effect on the 
development of scientific thinking skills.
Look at  the test  material used to assess critical thinking and seek to gain more 
evidence on validity (perhaps by extensive interviewing) as well as how to widen the 
range of test materials.
Explore the extent to which such test material can be used to measure critical thinking 
skills at an individual level with any acceptable degree of reliability.
312
Chapter 13
13.9 Endpiece
This thesis has made an attempt to explore an area of education about which much has 
been written but not a great deal achieved. It is hope that this will make a contribution 
in taking education in the sciences forward in Saudi Arabia in the future. As with all 
research, the study has raised many interesting questions for future work.
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Science Subjects
How do You Think About the Sciences?
We should like to know how you see your studies in science subjects.
Your answers will not affect your school marks in any way.
There are no ‘right’ or ‘wrong’ answers.
Please give your honest opinions.
 Name: ……………………………………………………………………. Age: ……… years
 Class: ……………….. Are you?  boy  girl
Here is a way to describe a racing car.
 quick !"!"!"!" !"! slow
 important !"!"!"!" !"! unimportant
 safe !"!"!"!" !"! dangerous
The position of the ticks between the pairs show that you 
consider it as very quick, slightly more important than 
unimportant and quite dangerous.#
#
#
Use the same method to show your views in questions 1 to 3.
(1) What is your feeling about science as a subject? 
 Tick one box on each line.
 I like science. !!! ! !  I don't like science.
 I understand it with difficulty. !!! ! !  I understand it with ease
 It is useful in my daily life. !!! ! !  It is useless in my daily life.
 It is interesting. !!! ! !  It is boring.
 It is complicated. !!! ! !  It is simple.
 I am interested in lab work. !!! ! !  I am not interested in lab work.
(2) If you have not used the laboratory in your science classes yet, leave this question and go to Question 3.
 Tick one box on each line.
 Laboratory work is interesting !!! ! ! ! Laboratory work is dull.
 I do not enjoy laboratory work. !!! ! !  I do not enjoy laboratory work.
 I learn many things in the laboratory. !!! ! !  I do not learn anything in the laboratory.
 Laboratory work is not important. !!! ! !  Laboratory work is important.
 Laboratory work is difficult. !!! ! !  Laboratory work is easy.
 I'd like to spend more time in the lab. !!! ! !  I'd like to spend less time in the lab.
(3) What are your feelings about science lessons?
 Tick one box on each line. 
 They are boring. !!! ! !  They are interesting.
 I like science lessons. !!! ! !  I hate science lessons.
 I understand them easily. !!! ! !  I just memorise them.
 I like going to the science club. !!! ! !  I do not like going to the science club.
 I do  not like discussion in the lessons. !!! ! !  I like discussion in the lessons.
 I'd like to spend less time in the lab. !!! ! !  I'd like to spend more time in the lab.
(4) What do you like best about your science lessons?  
 Please tick the three things you like best.
  doing practical work
  preparing for a career
  learning about recent scientific discoveries 
  finding out about the applications of science in daily life
  learning how science can improve health
  learning how science can help the environment
  understanding how things work
(5) What things made you become interested in science?
 Please tick the three which are most true for you
  TV programmes      
  books, newspapers and magazines
  teacher
  parents
  friends
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  exhibitions, science centres etc.
  Internet
(6) What do you think about examinations in your school?  
 Please tick three which best reflect your experiences
  It is difficult to revise the whole year's syllabus for the final exam.
  The topics in the examination are not varied enough.
  I pass my examinations by trying to understand the ideas.
  We do not do enough revision in class.
  The examinations are easy.
  I often cannot remember how to do things in the exam.
  I find revising at home boring.
  I pass my examinations by memorising as much as I can
(7) Here are some reasons why you should study science subjects.
 Please tick three which you think are most true.
 Science subjects:
  Help me to solve my problems.
  Are useful in daily life.
  Help me to understand the world.
  Important in improving the world.
  Help me to understand my body and be healthy.
  Science will help me to get a good job.
  Lead to important advances in medicine.
  Are important in developing my country’s economy.
(8) Here are some things about science.
 Please tick one box on each line to show your opinion
 strongly agree not sure disagree strongly
 agree    disagree
 Science teaches me a good way to think ! ! ! ! 
 I do not believe anything before I have evidence ! ! ! ! 
 I accept that what my science teacher tells me is correct ! ! ! ! 
 I like to question everything I am taught ! ! ! ! 
 TV is very accurate as we can see what is actually happening ! ! ! ! 
 I like to look carefully at the evidence before I give my opinion ! ! ! ! 
 I find drawing conclusions from evidence is often difficult ! ! ! ! 
 Those in authority say what is correct ! ! ! ! 
 Science textbooks are not very accurate in what they teach ! ! ! ! 
 I think it is important to link ideas together in my mind ! ! ! ! 
 Not everything is a textbook is true ! ! ! ! 
 The main thing in science is to memorise the facts ! ! ! ! 
 Scientific knowledge is always clear cut ! ! ! ! 
 Newspaper reports are a reliable source of information on science topics ! ! ! ! 
 My studies in science have helped me to think more carefully ! ! ! ! 
Thank you for your Help
Best Wishes in your Studies
335
   Appendices
Appendix 2
Critical Thinking Test
First Experiment.
336
   Appendices
How Clearly Can You Think?
Here is an opportunity to use your brains!
Try every question carefully.
The outcomes from this will not affect your school marks in any way.
Your Name:  ....................................................... Your Class:  .....................  Boy  Girl
(1) Abdullah was talking to Khalid about  global warming.  Abdullah said  that it  was happening very fast as the 
ice-cap at  the North pole was melting rapidly.  Khalid was not so sure.  He remembered that some countries 
in the Middle East had faced frost and snow for the first time in living memory.
 How can we be sure if global warming really is happening?
(A) Believe Abdullah as he talks sense
(B) Read scientific books 
(C) Talk to experts like university professors
(D) Collect as much information as possible about global warming
(E) Assume global warming is true and act accordingly
(F) Look at information which has already been gathered through research
(G) Accept what the majority of people believe is true about global warming
Arrange these suggested answers in order of their importance by placing the letters A, B, C...etc. in the boxes 
below. 
The letter which comes first is the most important and the letter which comes last is the least important for 
you.
       
 most important least important
(2) This report appeared in a well known paper:
“Two workmen were suffocated in a tragic industrial accident when they were overcome by fumes in a 
large tank where electrical-welding was taking place. Afterwards, a detective said that, "burning argon 
gas in the welders torch apparently used up all the oxygen in the tank".
 Look at the report.
 Explain what is correct in the report and explain what is not correct in the report.
(3) The biology teacher is warning her students about the dangers of smoking cigarettes.  She states that smoking 
will increase the chances of dying from lung cancer very greatly.
 Manal did not believe that.  She told the teacher:  ‘My grandmother is 79 and has smoked for at least 60 years.’
 Who is right - the teacher or Manal?  ..........................................................
 Explain your reasoning: 
 ………………………………..........................................................................................................
 ………………………………..........................................................................................................
 ………………………………..........................................................................................................
(4) Here is a set of numbers:    8  18 32 50
 Two students are trying to work out the first number in the sequence:
  ...?... 8 18 32 50
 Mohammad suggests that it should be 4 as everything must divide by 2.
 Faisal thinks it must be 0 as this keeps the gaps about right.
 Explain why both are wrong.
 ………………………………………………………………………………………………………
What is correct: 
What is not correct: 
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(5) Some liquid nitrogen (at a temperature of -196˚C) was poured over a balloon.  
 The balloon shrank in size very rapidly and then returned to its original
  size after several minutes.   The table offers some explanations of what 
  was happening.
 Complete the table:
Reason for Balloon to shrink Is explanation reasonable ? Explain why
The air molecules inside the 
balloon get smaller as it gets colder
The air molecules inside the 
balloon get closer together as it 
gets cooler
The air molecules escape from 
inside the balloon
Everything gets smaller as it gets 
cooler
The rubber of the balloon becomes 
less flexible as it gets cooler
(6) Look at the following graph which shows how the value of the UK pound has changed over the first eight 
months of 2009.  In January 2009, one UK Pound would give just over 5.4 Saudi Riyals.
 Which of the following statements can be deduced correctly from this graph?
 Tick as many as you wish
 A visitor from Britain would get more Riyals for the pound in August than in January.              
 The value of the Riyal has collapsed 
            over the eight month period.          
 The Riyal is always worth less in 
          the summer months.
 !Saudi Arabia is much wealthier than 
          Britain.
 The value of the Riyal will grow in 
           September.
 A person will obtain roughly 5.7 Riyals    
         for every pound, on average.
(7) Statistics taken from official records  for 2006 in Saudi 
Arabia showing the rates of infant mortality from birth to the age of ten were published in a newspaper.
Age Boys Girls Total
Under 1 year 17 25 42
1 year 6 2 8
2 years 4 0 4
3 years 10 3 13
4 years 6 4 10
5- 10 years 5 6 11
Total 48 40 88
Before
After
Riyals
to the
Pound
Month 
(2009)
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 The newspaper report made three comments. 
 Write down what you think of what they said.
Newspaper Comments What you think of the newspaper comment
Most of the deaths occur under age 1 
and this was caused by neglect;
Under age 10, boys tend to die more than 
girls;
Child nurses are not doing their work as 
well today.
(8) You may never have seen sodium fluoride.
 It is a white solid which looks very like salt.
 Experiments have shown that:
(a) Sodium fluoride contains the elements sodium and fluorine only.
(b) A solution of sodium fluoride in pure water conducts electricity well.
(c) When electricity is passed through the sodium fluoride solution in water, hydrogen and oxygen 
are always obtained.
 Look at these statements, which of the following is true? (Tick one box next to the true statement)
 1) Sodium fluoride contains hydrogen and oxygen
 2) Water contains hydrogen and oxygen only
 3) Hydrogen and oxygen are everywhere
 4) Water contains hydrogen and oxygen
 Explain why you chose that answer:   …………………………………………………………….
 ………………………………………………………………………………………………………
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Appendix 3
Working Memory Capacity 
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An Unusual Test
Name:  ..........................................................................  Boy  Girl
This is a test of your ability to find the overlap of a number of simple shapes.
The results of this test will not affect your schoolwork in any way.
There are two sets of simple geometric shapes, one on the right and the other on the left.
The set on the left contains  the same shapes (as on the right) but overlapping so that there 
exists a common area which is inside all of the shapes.
Your task is to look for and shade in the common area of overlap.
Note these points:
(1) The shape on the left may differ in size or position from those on the right, but they match in shape and 
proportions.
(2) In some items on the left, some extra shapes appear which are not present in the right hand set, and which do 
not form a common area of intersection with all of the other shapes. These are presented to mislead.  You 
should ignore them.
(3) The overlap should be shaded clearly by using a pen or pencil.
Here are three examples to get you started.
Do not turn over over told to do so
Irrelevant shape 
put in to confuse 
Example 1:
Example 3:
Example 2:
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12
3
4
5
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67
8
9
10
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11
12
13
14
15
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16
17
18
19
20
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Appendix 4
Critical Thinking Test
Second Experiment.
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How Clearly Can You Think?
Here is an opportunity to use your brains!
Try every question carefully.
The outcomes from this will not affect your school marks in any way.
Your Name:  ...........................................................Your Class:  .....................  Boy  Girl
(1) Abdullah was talking to Khalid about global warming.  Abdullah said that it was happening very fast as the 
ice-cap at the North pole was melting rapidly.  Khalid was not so sure.  He remembered that some countries in the 
Middle East had faced frost and snow for the first time in living memory.
 How can we be sure if global warming really is happening?
(A) Believe Abdullah as he talks sense
(B) Read scientific books 
(C) Talk to experts like university professors
(D) Collect as much information as possible about global warming
(E) Assume global warming is true and act accordingly
(F) Look at information which has already been gathered through research
(G) Accept what the majority of people believe is true about global warming
Arrange these suggested answers in order of their importance by placing the letters A, B, C...etc. in 
the boxes below. 
The letter which comes first is the most important and the letter which comes last is the least 
important for you.
 ! ! ! ! ! ! 
 most important least important
(2) This report appeared in a well known paper:
“Two workmen were suffocated in a tragic industrial accident when they were overcome by 
fumes in a large tank where electrical-welding was taking place. Afterwards, a detective said 
that, "burning argon gas in the welders torch apparently used up all the oxygen in the tank".
 Here are five parts of the newspaper report. 
 Put one tick on each line to show whether you think the statement is true or false.
TRUE FALSE
Workmen were suffocated XX
They were overcome by fumes XX
They were doing electrical 
welding
XX
Argon was burning XX
The oxygen was used up XX
Electrical welding does not use of 
oxygen
XX
(3) Work out the next number in each sequence of numbers:
 (a) 0 2 6 12 20 30
 (b) 1 2 3 5 7 11 13 17
 (c) 2 8 18 32 50
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(4) The biology teacher is warning her students about the dangers of smoking cigarettes.   She states that 
smoking will cause lung cancer.
 Manal did not believe that.  She told the teacher:  ‘My grandfather is 76 and has smoked for at least 
60 years.’
 Tick all the boxes where the statement supports the view of the biology teacher.
  (A) Manal’s grandfather is old
  (B) Cigarettes do not kill all smokers
  (C) There is no connection between smoking and lung cancer
  (D) Smoking increase the chances of early death
  (E) Manal’s grandfather was fortunate
  (F) Lung cancer is not always cased by smoking
  (G) Old men do not all die of lung cancer
  (H) There were no health warnings on cigarette packets when the grandfather was young
(5) Some liquid nitrogen (at a temperature of -196˚C) was poured over a balloon.  The balloon shrank 
in size very rapidly and then returned to its original size after several minutes.   The table offers 
some explanations of what was happening.
Tick one box on each line to show whether you think each reason is reasonable or not
Reason for Balloon to shrink Is explanation reasonable ?
Yes No
The air molecules inside the balloon 
get smaller as it gets colder
XX
The air molecules inside the balloon 
get closer together as it gets cooler
XX
The air molecules escape from inside 
the balloon
XX
Everything gets smaller as it gets 
cooler
XX
The rubber of the balloon becomes 
less flexible as it gets cooler
XX
(6) Look at the following graph which shows how the value of the UK pound has changed over the 
first eight months of 2009.  In January 2009, one UK Pound would give just over 5.4 Saudi Riyals.
 Which of the following statements can be deduced correctly from this graph?
 Tick as many as you wish
Ξ A visitor from Britain would get more Riyals 
for the pound  in August than in January.
 The value of the Riyal has collapsed over the 
eight month period.
 The Riyal is always worth less in the summer 
months.
 Saudi Arabia is much more wealthy than is 
Britain
 The value of the Riyal will grow in September
Ξ A person will obtain roughly 5.7 Riyals for 
every pound, on average.  
Riyals
to the
Pound
Month 
(2009)
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(7) Statistics taken from official records for 2006 in Saudi Arabia showing the rates of infant 
mortality from birth to the age of ten were published in a newspaper.
Age Boys Girls Total
Under 1 year 17 25 42
1 year 6 2 8
2 years 4 0 4
3 years 10 3 13
4 years 6 4 10
5- 10 years 5 6 11
Total 48 40 88
 The newspaper report made six comments. 
 Tick one box on each line to show whether you think the statement is true or false
Newspaper Comments TRUE FALSE
Most of the deaths occur under age 1. xx
Under age 10, boys tend to die more than girls. xx
Children’s nurses are not doing their jobs properly. xx
Most deaths were caused by neglect. xx
No children over the age of 10 die. xx
There is no difference in the numbers of boys and girls dying between birth and age 2 xx
(8) You may never have seen sodium fluoride.
 It is a white solid which looks very like salt.
 Experiments  have shown that:
(a) Sodium fluoride contains the elements sodium and fluorine only.
(b) A solution of sodium fluoride in pure water conducts electricity well.
(c) When electricity is passed through the sodium fluoride solution in water, hydrogen and 
oxygen are always obtained.
 Look at these statements, which of the following is true? (Tick one box next to the true statement)
 Sodium fluoride contains hydrogen and oxygen
 Water contains hydrogen and oxygen only
 Hydrogen and oxygen are everywhere
 Water contains hydrogen and oxygen 
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Appendix 5
Understanding Test 
Grade 1
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First Year Science Test
 
 Your Name: …………………………………….Your School……………………………………
Grade: ……………. Serial Number: …………….
 Girl                          Boy
Please answer all questions.
The marks in this test will not affect your school grades at all.
Some of the questions are in an unusual format.
Here is an example.
There are six words in the table.   
A
Lungs
B
Nose
C
Heart
D
Artery
E
Kidney
F
Vein
You are now asked some questions.  
You have to use the letters in the boxes to show which answers you have chosen.
You can use more than one letter.
(a) Which are important for breathing? The answers are A and B.   
  We can breathe through our noses and the air goes into our lungs
(b) Which are important in moving blood around our bodies? The answers are C, D and F
  The heart pumps the blood into our arteries and it comes back to the heart through our veins.
(c) Which is important in removing water from the body? The answer is E
  The kidneys remove water and send it to the bladder.
(d) Which cannot be seen with your eyes The answers are A, C, D, E
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(1) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
The distance between the particles is 
very small
B
The particles moving
very fast
C
The distance between the particles is 
very big
D
The particles grow in size when 
heated
E
The shape and 
volume fixed
F
The particle are vibrating but not 
moving around
G
Takes the volume and  shape of the 
container 
H
The volume
is large
I
Particles move about slowly but have 
little pattern
Using the letters, choose all the boxes which are true of -
 (a) Gases:  B,C,G
 (b) Liquids:  A,G,I
 (c) Solids:  A,E,F total out of 3
(2) Look at the descriptions in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Boiling water in a pot
B
A nail rusting
C
Floating wood
D
Paper burning
E
Ice melting
F
A tree growing
G
Petrol burning
H
Rain falling
I
A candle burning
Using the letters, choose all the boxes which show:
 (a) Examples of chemical reactions (changes):         B,D,F,G,I
 (b) Examples of physical changes:                            A,C,E,H
 (c) Situations where atoms are linking to oxygen:    B,D,G,I Total out of 3
(3) Look at the elements in the boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Oxygen
B
Carbon
C
Iron
D
Bromine
E
Hydrogen
F
Lead
G
Neon
H
Mercury
I
Sodium
Using the letters, choose all the boxes which show:
 (a) Gases at room temperature:                                    A,E,G
 (b) Liquids at room temperature:                                  D,H
 (c) Solids at room temperature:                                    B,C,F,I
 (d) Elements which conduct electricity at room temperature:      B,C,F,H,I   Out of 4
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(4) Look at the nine below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Mass
B
litre
C
Velocity
D
Density
E
Volume
F
g cm-3
G
m s 1
H
g
I
cm3
 (a) Look at box A.  
  Select all the boxes which show a correct unit of measurement for A: H
 (b) Look at box E.
  Select all the boxes which show a correct unit of measurement for E: B,I
 (c) Look at box G.
  Select all the boxes which show what is measured in this unit G: C
 (d) If we know what is the value of box A and box E, 
  select all the boxes which show what we can calculate: D Out of 4
(5) Look at the descriptions in the boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answers.
A
0˚C
B
5˚C
C
Melting Point
D
Liquid
E
100˚C
F
Solid
G
Gas
H
Boiling Point
I
37˚C
Using the letters, choose all the boxes which show:
  (a) The melting point of ice:                                                       A
  (b) Temperatures where water can exist as a liquid:                   A,B,E,I
  (c) The state of water at -50 ˚C:                                                  F
  (d) The freezing point of water:                                                  A                 Out of 4 
(6) What mass is needed to balance the metre stick (distances are 30 cm and 20 cm)   Answer is 60
     (7) Look at the atoms in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
40 g
30 cm 20 cm
Mass needed = 
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Using the letters, choose all the boxes which show particles:
 (a) With an atomic number of 20: H
 (b) That differ in neutron content only: A,F
 (c) With a mass number of 40: E,H
 (d) With 30 neutrons: D,
 (e) Which contain 18 electrons: C, E, H, I Marked out of 5
 
(8) Look at the atoms in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
50 ms-1
B
500 ms-1
C
3.5 m
D
5 ms-1
E
0.2 ms-1
F
300 ms-1
G
180 ms-1
H
350 m
Using the letters, choose all the boxes which:
 (a) The speed (velocity) of a car which travels 50 m in 10 seconds:  D
 (b) The distance travelled in 10 seconds by a car travelling at 35 ms-1: H
 (c) The speed in metre per second for a train travelling at 180 km per hour: A out of 3
(9) Ahmed is trying to lift a refrigerator 
weighing 24 kg using a metal rod.         
 The rod is 180 cm long, with 20 cm 
from the pivot to the refrigerator. 
 Write down the force need to lift the 
refrigerator
 3 Kg             Out of 1     
A B C
D E F
G H I
Li7
3
Li6
3
Ne20
10
Na24
11
Ca2+40
20
K+39
19
Ar40
18
Cl-35
17
Ni58
28
354
   Appendices
Force needed to lift 
refrigerator = 
Refrigerator
Metal rod
20 cm
Appendix 6
Understanding Test 
Grade 3
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Third Year Science Test
 
 Your Name: …………………………………….Your School……………………………………
Grade: …………….              Serial Number: …………….
 Girl                          Boy
Please answer all questions.
The marks in this test will not affect your school grades at all.
Some of the questions are in an unusual format.
Here is an example.
There are six words in the table.   
A
Lungs
B
Nose
C
Heart
D
Artery
E
Kidney
F
Vein
You are now asked some questions.  
You have to use the letters in the boxes to show which answers you have chosen.
You can use more than one letter.
(a) Which are important for breathing? The answers are A and B.   
  We can breathe through our noses and the air goes into our lungs
(b) Which are important in moving blood around our bodies? The answers are C, D and F
  The heart pumps the blood into our arteries and it comes back to the heart through our veins.
(c) Which is important in removing water from the body? The answer is E
  The kidneys remove water and send it to the bladder.
(d) Which cannot be seen with your eyes The answers are A, C, D, E
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(1) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
A
Attracts to magnets
B
Is a liquid at room temperature
C
Is very common on Earth
D
Is a Metal
E
Has been known for over 2000 years
F
Is a non-metal
G
Conducts electricity
H
Has a valency of II
I
Is a gas at room temperature
Using the letters, choose all the boxes which are true of ,-
 (a) Carbon: E, F, G, (C)
 (b) Hydrogen: C,F,I
 (c) Magnesium: C,D,G,H
 (d) Bromine: B,F
 (e) Gold: D,E,G,
 (f) Iron: A,C,D,E,G,H
 (g) Titanium: C,D,G,H  Marked out of 7
(2) Look at the statements in the nine boxes below.
 Select all the boxes which are the correct answers for each of the questions below.
 Remember that there may be more than one correct answer.
Using the letters, choose all the boxes which show particles:
 (a) With an atomic number of 20: H
 (b) That differ in neutron content only: A,F
 (c) With a mass number of 40: E,H
 (d) With 30 neutrons: D,
 (e) Which contain 18 electrons: C, E, H, I Marked out of 5
(3) Name:
(a)  The element which is the main gas present in the air: Nitrogen 1
(b)  Two elements which link to form water: Hydrogen and oxygen 2
(c)  Three elements which react rapidly with cold water: Three of: Li, Na, K. Rb. Cs, Ca, Sr, Ba 3
(d)  An element which can have valency of III or V: N, P, As, Sb, Bi, V, Mn 1
(e)  A liquid metal: Hg 1
(f) The most common metal: Al 1
  Marked out of 9
A B C
D E F
G H I
Li7
3
Li6
3
Ne20
10
Na24
11
Ca2+40
20
K+39
19
Ar40
18
Cl-35
17
Ni58
28
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(4) Write down the formulae for:
(a) Calcium oxide:                                          CaO
(b) Aluminium chloride:                                 AlCl3
(c) Sodium sulphide:                                      Na2S
(d) Copper (II) fluoride:                                  CuF2            Marked out of 4  
(5) Use the group valencies in the table below.
Valency 1 Valency 2 Valency 3
Hydroxide OHI Carbonate CO3II Phosphate PO4III
Nitrate NO3I Sulphate SO4II
Ammonium NH4I Sulphite SO3II
Permanganate MnO4I
Write the formulae for:
(a) Potassium carbonate: K2CO3
(b) Aluminium nitrate: Al(NO3) 3
(c) Calcium sulphate: CaSO4
(d) Ammonium nitrate: NH4NO3
(e) Copper (II) hydroxide: Cu(OH) 2 Marked out of 5
(6) Balance the following equations:
 Zn + HCl  ZnCl2 + H2
 K + H2O  KOH + H2
 Al + H2SO4  Al2(SO4)3 + H2
 SiF4 + H2O  SiO2 + HF Marked out of 
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Appendix 7
Teacher &Inspector Interviews
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Introduction 
Get teachers to relax and talk
Take few notes
Make sure that they know you are not in authority
(a) How long have you been teaching science? ................
(b) What level are you teaching now? ................
(c) Do you like teaching? ................
(d) Is your teaching fulfilling? ................
(e) Do you think society appreciates your work as a teacher? ................
Critical Thinking
(1) Have you ever heard of critical thinking? ................
(2) How do you see critical thinking?
Here is how I am thinking about critical thinking.
I can ask three questions about any information
These questions can be addressed related to the new information source, the actual information, 
or to the linking process involved in understanding.
(3) Should critical thinking be an objective for education in 
science? 
................
(4) Do you think our curriculum helps our pupils to think in this 
way? 
................
(5) Why does our curriculum not encourage this way of thinking very 
much? 
................
(6) Even if our curriculum is not very helpful, is it possible to use questions with your pupils 
to encourage them to think critically? ................
(7) What are the difficulties in encouraging your pupils to think 
critically? 
................
} }
Information Source
Information Itself
The Linking Process
How?
Why?
What?
Model of Critical thinking
Working Memory
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(8) What would help you most in encouraging your pupils to think 
critically? 
................
(9) Do your inspectors ever encourage you to develop these skills with your 
pupils? 
................
Critical Thinking and Assessment
(10) What do you think your examinations are testing? ................
(11) Tell me:  if understanding more important then recall? ................
(12) How do you see ‘understanding’? ................
 If you really understand a topic, then you are capable of explaining it clearly to another 
person.
 If you really understand a topic, then you are able to use your knowledge in a novel 
situation with a reasonable prospect of success.
(13) Is it ever critical thinking in our examinations? ................
(14) How can we test critical thinking? ................
The Future
(15) What are the most demanding problems you have with your pupils?   ...................   
 
(16) Would you like to learn more about critical 
thinking? 
................
If yes, promise a short review by email - later.
(17) Do you think you would find it helpful if you attended short course which gave you some 
ideas about how to develop critical thinking in your pupils? ................
(18) Imagine you are the most powerful person in science education in Saudi Arabia.  In that 
position, what changes would you introduce to science education?
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Appendix 8
First Year Booklet
The World Around us
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Introduction
Have you ever thought  about how the world works?  For centuries, scientists have been 
exploring how the world works and trying to understand why things behave in the way they do.
This booklet is introduces you to some of the ways by which the world works.  It looks at  the 
amazing variety in the materials all around us each day.  It  will give you some understanding of 
how everything is constructed and why it behaves as it  does.  The aim is that  begin to 
understand how things work.  Keep asking yourself (your fellow students and your teacher) 
until you feel you are making sense of everything.
The World Around
Discussion
Time
Question
Time
Practical
Time
How to use this Booklet
Follow this booklet carefully as directed by your teacher
Discuss in a small group, using internet if you wish.
Answer the questions on your own
Some practical to do
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Look around the room where you are sitting.  There are all kinds of objects and materials. 
Some are soft, some are hard, some are heavy, some are light.  Some may float on water, some 
may sink.
We are going to look at the world around and see if we can understand something of how things 
work.
Activity 1
You will need: a scaled tube (or a cup transparent), water, a little ink, a piece of stone, cube of iron.
Do the following:
(1) Half fill the tube with water.
(2) Add a drop of ink to the water.
(3) Put a mark on the wall of the tube indicates the level of water in the tube.
(4) Tie the edge of the stone with a thread on the stone and catch the other end by hand.
(5) Lower the stone gently in the tube.
Discussion
Time
(a) What happened to the water level? 
 …………………………………………………………………...
(b) Can you explain this?
 …………………………………………………………………...
(c) Complete the sentence: the stone occupies 
………………………………………………………………
(d) Would the same happen if we dropped an iron cube into the water? .......................…
(e) Think of an example for everyday life when the same thing happens. .......................
…………………
 
……………………………………………………………………………………………………
……….
Activity 2
You will need:  a glass cup, basin with enough water large to submerge the cup completely, dry 
paper, glue.
Do the following:
‣ Make sure that the cup is totally dry.
‣ Stick a paper at the bottom of the cup from inside.
How does the World Behave?
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‣ Turn the cup upside down and push it gently into the basin so that water covers it 
completely.
‣ Finally, pull the cup gently to the top.  Carefully examine the paper.
Discussion
Time
✓ Describe what you feel as you push the cup down .......................….......................
….......................…
✓ Is the paper wet? .......................…
✓ why is this so ? .......................….....................................….......................….......................
…….........…
Summary
We say that every object occupies space.  Another way of saying this is that every object, no 
matter what its shape, has a volume.
There are solids: like the rock, the piece of iron
There are liquids: like water, or milk
There are gases:  like air, cooking gas
They all have a volume - they need space
The next question is how much space do they need?  Do all objects need the same volume for 
the same mass?
Activity 3
This is more difficult!
You will need:  a measuring cylinder, water, a cube of iron, a piece of stone
Do the following:
(1) Weigh the cube of iron.
(2) Measure its volume by measuring the length of the side of the cube.
(3) Write down the mass of the iron cube and its volume:
                  Mass of iron cube  =  ………. g
                 Volume of iron cube  =  ………. g
(4) Divide the mass by the volume.
Check your answers with your teacher
What do we mean by Mass?
We use the word ‘mass’  to mean the amount  of material. 
We can find the amount  of material by weighing the 
object.   We can measure mass in grams.
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  Mass/volume  =  ………. g
(5) Now weigh the stone: mass of stone  =  ………. g
(6) Note how much water is in the cylinder:   ………….. cm3
(7) Gently lower the stone into the cylinder and read the volume again:  ………….. cm3 
(8) What is the volume of the stone ? ………….. cm3 
(9) Divide the mass by the volume.
                            Mass/volume  =  ………. g
 
Summary
★ We call the mass divided by the volume the density of the object.
★ The best way to think of density is to see it as how much material there is in one cubic 
centimetre (1 cm-3 is) of the material.
★ The unit of density is grams per centimetre cubed:  g cm-3 .  
★ If we measure water, then 1 g of water has a volume of 1 cm3 .
★ We say that water has a density of:   1 g cm-3
Question
Time
The idea of density is not easy.
Here is a question to help you.
In an experiment to determine the density of a liquid, the following results were obtained
 Mass of empty glass is  =  75 g
 Mass of cup containing some liquid  =  153 g
 Volume of liquid in the tube  =  100 cm3 
 Calculate the density.
  Mass of liquid = ………. g
  Volume of liquid = ………. cm3
  Density of liquid = ………. g cm-3
Remember
Mass is measred in grams g
Volume is measured in cubic centimetres cm3
Density is measured in grams per cubic centimetres g cm-3
Volume can be measure in litres as well.
There are 1000 cm3 in 1 litre
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Summary 
★ Every substance has its own density.
★ The densities of gases are much lower than that of liquids or solids.
★ Solids and liquids have similar densities although liquids tend to be slightly lower.
Here are the densities of some common materials:
Substance State Density Comment
Water liquid 1 g cm-3 The most common liquid
Air gas 0.0012 g cm-3 All around us, we can move through it
Petrol liquid 0.68 g cm-3 It floats on water
Iron solid 7.86 g cm-3 For making cars, bridges and equipment
Carbon Dioxide gas 0.002 g cm-3 The greenhouse gas
Copper solid 8.9 g cm-3 Water pipes
Gold solid 19.3 g cm-3 A very high density
Milk liquid 1.03 g cm-3 Slightly more dense than water
Ice solid 0.917 g cm-3 Floats in water
Wood solid 0.7 g cm-3 Floats in water
Aluminum solid 2.7 g cm-3 A metal with quite a low density, used to make aeroplanes
Mercury liquid 13.6 g cm-3 Used in thermometers
Discussion
Time
Looking at the table above, discuss the following:
(a) List all the materials which will float on water:
 
…………………………………………………….
 
………………………………………………………………………………………………
……
(b) Which metal has the lowest density ? …………………………………
(c) If carbon dioxide is less dense than air why do you think it does not fall nearer the 
ground?
 
………………………………………………………………………………………………
……
(d) Can you see a liquid on which a piece of iron will float? …………………………
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Question
Time
Complete the following table by calculating the densities.
You may need a calculator or you can use paper.
Material Mass Volume Density
Water 80 g 80 cm3 g cm-3
Iron 78.5 g 10 cm3 g cm-3
Alcohol 40 g 50 cm3 g cm-3
Copper 44 g 5 cm3 g cm-3
Crock 5 g 25 cm3 g cm-3
Mercury 68 g 5 cm3 g cm-3
Activity 3
Let us now look at how things float in water.
You will need:  a water basin - wax - iron nail - a piece of ice - a piece of wood - a piece of cork 
- drops of cooking oil
Do the following:
➡ Place water in the basin.
➡ Put all the other materials in the water.
➡ Note all those that float and all that sink.
Complete the table:
Objects that Float Objects that Sink
   
Some materials are coloured.   Some are not.         
Some materials have no taste or smell: air and water are two of these.
Some materials are gases, some are liquids, some are solids.  
Check your answers with your teacher
To Think About
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Some materials are gases, some are liquids, some are solids.
Discussion
Time
Wrote down everything you can think of about gases, liquids and solids
All I know about …...
Solids Liquids Gases
Question
Time
(a) Why do some objects float in water while others do not?  (Think of density)
 ……………...……………...……………...……………...……………...……………...
……………...
(b) Name as many gases as you can: ……………...……………...……………...
………………….……
 ……………...……………...……………...……………...……………...……………...
………………
 ……………...……………...……………...……………...……………...……………...
………………
(c) Steel has a density of about 7.8 g cm-3  while water has a density of 1 g cm-3
 Normally, a piece of steel sinks in water.
 However, ships today are made of steel.
 Can you suggest a reason why they do not sink: …...……………...……...
……………...………...
 ……………...……………...……………...……………...……………...……………...
………………
 ……………...……………...……………...……………...……………...……………...
………………
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Activity 4
You will need:  a delicate digital balance, bowl, flame for heating.
Do the following:
 Weigh the bowl carefully: mass
 = g
 Put a piece of wax in the bowl and weigh the bowl and the wax:  mass
 = g
 Calculate the mass of the wax:  mass
 = g
 Cut the wax into some pieces.
 Weigh bowl plus cut wax:  mass
 = g
 Heat the bowl gently until wax  just melts.
 Weigh the bowl plus melted wax:  mass
 = g
Complete the table
items Mass
Mass of the bowl with big wax g
Mass of the bowl with wax fragments  g
Mass of the bowl with melted wax g
Write down your conclusion:
 ……………..……………..……………..……………..……………..……………..
……………..
 ……………..……………..……………..……………..……………..……………..
……………..
Activity 5
You will need:  Two pan scales, weights, well-inflated ball (basketball or any other ball).
Do the following:
✤ Arrange the balance so that the pointer is in the middle and both pans are equal in 
height.
✤ Place the inflated ball on one side.
✤ Add weights to the other side until the balance pointer is in the middle.
✤ Note weights used: mass = g
✤ Release the air from the ball.
✤ Place the deflated ball on one side of the balance.
✤  Add weights to the other side until the balance pointer is in the middle.
✤ Note weights used: mass = g
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Discussion
Time
Look at the mass of the ball when inflated and deflated.
Are they the same.
What conclusion can you draw? ……………………………………..
………………………………….…..
 …………………………………..…………………………………..
………………………………
★ Think about gases like air.                                            
★ We imagine that they have no mass.
★ However, the density of air is low.
★ Air has a mass but it takes quite a lot of air before we can measure it.
Question
Time
❖ Mass is measured in what 
units: 
…………..
❖ Volume is measured in what 
units: 
…..………
❖ Density is measured in what 
units: 
…..………
❖ A piece of wood is found to have a mass of 25g and a volume of 50 cm3
❖ What is its 
density? 
…..………
❖ The least dense metal is called lithium.
❖ It has a density of 0.5 g cm-3
❖ Will it float on 
water? 
……..……
❖ Milk has a density of about 1.03g cm-3
❖ Why do think it is slightly more dense than water?
To Think About
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Here are some more difficult questions!!
❖ Suppose you have two pieces of copper.
 One has a volume of 10 cm3, the other has a volume of 20 cm3
 Do they both have the same 
density? 
……..……
 Give a reason for your answer ……..……..…………..………..…………..…………..
…………
 ……..……..…………..………..…………..…………..………………..……..…………..
………..
❖ We can measure mass, volume and density.
 Why is density so 
important? 
……..……..…………..………..…………..…………..…………
 ……..……..…………..………..…………..…………..………………..……..…………..
………..
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Discussion
Time
In the last section, you noted the densities of many solids, liquids and gases.  Here are some of 
them again.
Substance State Density
Water liquid 1 g cm-3
Air gas 0.0012 g cm-3
Petrol liquid 0.68 g cm-3
Iron solid 7.86 g cm-3
Carbon Dioxide gas 0.002 g cm-3
Copper solid 8.9 g cm-3
Gold solid 19.3 g cm-3
Milk liquid 1.03 g cm-3
Ice solid 0.917 g cm-3
Wood solid 0.7 g cm-3
Aluminum solid 2.7 g cm-3
Mercury liquid 13.6 g cm-3
Now think about gases, liquids and solids.  Look at the table below which shows the typical 
types of densities obtained for solids, liquids and gases.
Gases Liquids Solids
0.00009 to 0.007 g cm-3 0.7 to 13.6 g cm -3 0.5 to 29 g cm -3
(1) Look at the table above.
 In what way are gases very different for liquids and solids
(2) Helium is used to fill balloons.
 Why is helium ideal?
 Why is hydrogen not as good ?
(3)   Can you suggest any possible reasons why gases have much lower densities than liquids or 
solids?
Activity 1
Here is an experiments to do:
You will need:  a sheet of paper, scissors
Do the following:
(1) Cut the paper in half and then in half again.
(2) Keep taking one half and cutting it in half very carefully until the piece is too small
Gases Liquids and Solids
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Discussion
Time
(1) Assuming you were able to keep cutting the paper in half, is there ever going to be time 
when you cannot cut it further?
(2) What might stop any further cutting (assuming you had incredibly small fingers and 
incredibly and perfectly sharp scissors!) ?
Activity 2
Here are two experiments to do:
You will need:  two beakers, water and a crystal of a substance called potassium permanganate, 
a stirring rod
Do the following:
(1) Fill one beaker roughly two thirds full of water.
(2) Drop in the crystal and stir.
(3) When the crystal is all dissolved, pour away half the deep purple solution.
(4) Using the other beaker, fill the purple solution up with water until two third full again;  
stir.
(5) Pour away half the purple solution.
(6) Using the other beaker, fill the purple solution up with water until two third full again;  
stir.
(7) Pour away half the purple solution.
(8) Repeat this until the solution is a very pale purple (it will look almost pink now).
Discussion
Time
This is quite difficult!
(1) When you mixed the crystal up at the start, discuss what was happening when it turned all 
the water a deep purple colour?
(2) Each time you threw away half of the purple solution and added more water.
 Can you explain why the solution went a slightly paler colour each time.
(3) Suggest what you think water might be made of (assuming you had the most wonderful 
microscope in the world!).
(4)    How must the crystal be made up, if it could keep on spreading colour like this. 
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To Think About
★ It is now known that everything in the world is made up of very tiny 
particles.
★ The particles are incredibly small:
★ If you take one teaspoonful of water, it contains roughly:
170,000,000,000,000,000,000,000 particles of water!
★ These particles are often called molecules.
★ Molecules never stay completely still:
 In solids, the molecules vibrate rapidly.
 In liquids, the molecules can move around slowly
 In gases, the molecules are flying around at enormous speeds.
Activity 2
Here is something for the whole class to do
You will need:  the whole class
Do the following:
(1) Six of you stand side by side, just touching, with your backs against a wall.
(2 The next six of you stand, each one exactly in front of the the first six.
(3) The next six of you stand, each one exactly in front of the the second six.
(4) Continue this until all the pupils are involved.
(5) Stand fairly still.
You are now standing in straight lines.  There is very little space between any of you.  A person 
trying to get from front to back would have a difficult task.  Nonetheless, no matter how hard 
you try, you are all moving very slightly, just wobbling a bit.   You are just like the particles in 
a solid.
(6) You are now allowed to wobble about a bit more.
(7) One or two can try to change places.
(8) One or two can try to move from one place to another.
You are still more or less in lines but it  is not  as neat as before.  In fact, you have lost the perfect 
pattern you had.  You are still close together but not  quite as close.  Your movements are still 
slow but you can move from one place to another.  You are just like the particles in a liquid.
(9) You are now allowed to move at a reasonable speed about all over the room.
(10) Occasionally, you may bump into another pupil or a desk or chair.
There is now no pattern at all.  You are very far away from each other most of the time.  Your 
movements are quite rapid.  You are just like the particles in a gas.
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Discussion
Time
(1) Think of how much space you took up in this game.  Compare the gas, liquid and solid. 
Describe the space you occupied as a class in each.
(2) Can you see why solids and liquids have similar densities although liquids tend to be 
slightly less dense than solids.
To Think About
                         
Here are three pictures of what scientists think solids, liquids and gases look like.  Remember: 
no one can see the particles.  However, many experiments have suggested the following 
pictures.  In all the pictures, the molecules are shown as tiny circles.  Most molecules have 
much more complicated shapes but the circle will do for the moment.
Discussion
Time
(1) Describe to each other how you see the particles moving in solids, liquids and gases.
(2) There are nearly 70 particles in the solid and liquid containers.  Do they take up as much space?
(3) There are only five particles shown in the gas container.  Estimate how much space it would have 
taken to show all 70 particles.
(4) Think of a piece of ice, some water in a cup and the room full of air.   Discuss how the models 
above explain what you see.
Solid
Particles 
In organised lines and patterns
Tightly packed together
Very little movement - just 
wobbling
Particles 
No overall pattern
Fairly tightly packed together
Slow moving around
Possible to get in between particles
Liquid Gas
Particles 
No overall pattern
Enormously far apart
Moving around very rapidly
Very easy to get in between 
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★ Particles attract each other very slightly and that is what keeps them together in solids and 
liquids.
★ In gases, their fast speeds overcome this attraction and they move about on their own.
★ To change a solid into a liquid, we need to heat it:  like ice into water.
★ To change a liquid into a gas, we need to heat it: like water into steam.
★ The heat energy makes the particles move faster.
Activity 3
Here is something for you to do.
You will need:  two containers, some wax and some water, a thermometer, flame for heating.
Do the following:
(1) Put a little wax into one basin.  Measure the temperature of the wax.
(2) Heat the container until the wax starts to melt.  Measure the temperature of the wax.
(3) Keep measuring the temperature of the wax until it has just all melted.
(4) Take the second container and put some water in it.  Measure the temperature of the 
water.
(5) Heat the container until the water starts to boil.  Measure the temperature of the water.
(6) Keep measuring the temperature of the water as it boils.
Complete the table
Situation Temperature
Temperature of solid wax at start ˚C
Temperature of wax as it melts ˚C
Temperature of water at start ˚C
Temperature of water as it boils ˚C
To Think About
Care:  thermometers are easily broken: use carefully
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Discussion
Time
(1) Does the temperature of the wax change once it starts to melt ?
(2) Does the temperature of the water change once it starts to boil ?
(3) What do you think is happening to the particles of wax as they it starts to melt?
(4) What do you think is happening to the particles of water as they it starts to boil?
(5) Does the volume of the wax change much as it melts?
(6) Does the volume of the water change much as it boils?
(7) Where has the steam gone?
                 
★ When a solid is heated, heat energy makes the particles move very slowly around.  The 
liquid has almost the same volume as the solid - almost always slightly more.
★ When a liquid boils, heat energy makes the particles move very rapidly.  The gas takes up 
very more space than the liquid because the particles are now huge distances apart  in space 
and moving very fast.
★ Every pure solid melts at a specific temperature.  This temperature is known as the melting 
point.  Pure ice always melts at 0˚C.
★ Every pure liquid boils at a specific temperature.  This temperature is known as the boiling 
point.  Pure water boils at 100˚C.
Here are some common temperatures:
Situation Temperature
Melting Ice 100˚C
Boiling Water 0˚C
The health human 37˚C
A hot bath About 45-50˚C
A very hot day in Saudi Arabia About 50˚C
A cold night in Scotland About -5C
Your refrigerator About 4˚C
The sea when it freezes About -18˚C
The coldest temperature possible -273˚C
The temperature of the sun 5500˚C on the surface, much hotter inside
To Think About
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Discussion
Time
(1) What happens to the human body if its temperature rises much above 37˚C ?
(2) Look at the temperature on the surface of the sun.  Do you think the sun is a solid, a liquid 
or a gas?  Why?
(3) If heat energy makes the particles move faster, what do you think the particles are doing 
when the temperature reaches -273˚C ?
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More About Particles
Have you wondered how many different types of particles there are in the world?  Well, there 
are millions and millions of them.  The world is a complicated place!
However, all these millions of particles are made up of smaller particles linked together. 
Fortunately, there are only about 90 of these smaller particles and they are known as atoms.  The 
word atom comes form a very ancient Greek word and means ‘cannot be divided further’. 
Nearly 2500 years ago, a Greek philosopher thought  of the idea of atoms and gave them their 
name.
Here are some important words:
Word Meaning Comment
Atom These are basic building blocks for all matter All matter is made up of atoms
Element The different kinds of atoms There are about 90 elements on Earth
Compound When two or more different kinds of atoms link 
together, they form a compound
There are millions of compounds in the 
world
Molecule The tiny particles of substances, usually made up 
of two or more atoms linked together
For example, there are molecules of oxygen, 
water, carbon dioxide and proteins
Discussion
Time
(1) Use the internet to find out the names for as many elements as you can.  Find out  
something about each one and complete the table below.  Try to find 20 elements.
Element Something About it
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Chemical Change
The world never stays still.  Things are always happening.  Plants grow.  Animals get larger. 
Hens produce eggs.  Oil burns to give carbon dioxide while iron rusts.  People get older and gas 
burns.
There is one thing that  is common to all of these changes.  In every case, links holding different 
atoms break and new links between other atoms form.  This is known as a chemical change and 
chemical changes are happening all the time.  The more precise phrase is chemical reaction and 
the changes continuously happening in the world are often caused by chemical reactions.  In a 
chemical reaction, a new substance is formed.  This is simply because different atoms are now 
linked together to form new compounds.
Event The chemical reaction
Plants grow Small molecules are linked together to form larger molecules
Animals get larger Small molecules are linked together to form larger molecules, producing warmth
Hens produce eggs Very complex molecules form into new much more complex molecules
Oil burns Links in the oil molecules break and new links with oxygen form the air form, releasing heat energy
Iron rusts Iron atoms start to link up with oxygen atoms from the air.
People get older The efficiency of forming new links and breaking older ones between atoms gets slower
Gas burns The links between carbon and hydrogen atoms in the gas molecules breaks and both carbon and 
hydrogen link to oxygen atoms to release huge amounts of heat energy
Activity 2
Here is something for you to do
You will need:  some paper, tongs, a flame
Do the following:
(1) Holding some folded up paper in the tongs, light the paper and observe what happens.
 
Discussion
Time
(1) What  is formed?   Is it the same as the original paper?  Can you get  the original paper 
back again?  Once lit, did the paper burn on its own?  Was any heat energy released?
(2) Describe in your own words what  you think was happening to the molecules of paper 
during the burning process.
(3) Why did you have to light  the paper to get it started burning?   This is a very difficult 
question:  just talk about your ideas.
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★ In many chemical reaction (chemical changes), energy is released or absorbed.  Very often, 
this is heat energy.
★ In all chemical reactions, a new substance is formed:  the atoms are now linked in a different 
way.
★ In many chemical reactions, it  is very difficult to get  the reaction to go backwards again. 
However, in quite a number of other reactions going backwards is not difficult.
To Think About
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Activity 2
Here is something for you to do
You will need:  Some copper sulphate solution, an iron nail, a dish or small beaker, weighing 
balance
Do the following:
(1) Place about 0.5 cm of blue copper sulphate solution in the dish.
(2) Place the dish and the nail on the top of the balance
(3) Note the weight of the dish, plus copper sulphate, plus nail.
(3) Carefully drop the nail into the dish and place on the balance.
After a few minutes you will  see the nail becomes covered in a dull re-brown solid.  This is copper. 
The iron is pushing out the copper from the copper sulphate.  New bonds are being formed and the 
original bonds are being broken.
(4) Does the weight change ?
Activity 2
Here is something for you to do
You will need:  a solution of barium chloride and a solution of sodium sulphate, each in a 
beaker, weighing scales.
Do the following:
(1) Pour a little barium chloride solution into one beaker.
 Weigh the beaker plus solution: weight  = g
(2) Pour a little sodium sulphate solution into the other beaker
 Weigh the beaker plus solution: weight  = g
(3) Carefully pour the contents of one beaker into the other.
 Weigh both beakers and the new solution weight  = g 
(4) Does the total weight change ?
You will see that the solution goes cloudy white when you mix the two solutions.  A new 
substance has been formed.   Links between atoms have been broken and new links have 
formed.
Weight before nail is dropped in = g
Weight after nail is dropped in = g
Warning
Wash your hands after doing this experiment.
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★ In every chemical reaction, links between atoms have been broken and new links between 
atoms are formed.
★ However, in every chemical reaction, no new atoms are ever created or destroyed.
★ This is such an important  idea that  when it was discovered, the scientists called it  the Law of 
Conservation of Mass.
★ The Law of Conservation of Mass means that  the total mass of the materials before is 
identical to the total mass afterwards.
Activity 2
Here is something for you to do
You will need:  a small piece of magnesium, a small dish, tongs, a flame, weighing balance
Do the following:
(1) Place the magnesium on the dish and weigh both. Weight = g
(2) Using the tongs, light magnesium and gold the burning magnesium over the dish to 
catch all the white substance formed
(3) Let everything cool for a minute.
(4)  Re-weigh the dish with the white powder Weight = g
(5) Is the weight the same before and after?
Discussion
Time
(1) The Law of Conservation of Mass is still true.
 However, you found an increase in mass.
 Try to explain what is happening - where has the extra mass come from?
Summary
★ Everything in the world is made up of particles.
★ Molecules are particles which are made up of atoms linked together in some way.
★ In gases, the particles are spread out and move very fast.
★ In liquids, the particles are close together and move only slowly.
★ In solids, the particles are close together, forming patterns, and only wobble about.
To Think About
384
   Appendices
★ When a solid is heated, it melts at its melting point.
★ When a liquid is heated, it boils at its boiling point.
★ Melting points and boiling points are fixed for pure substances.
★ In melting and boiling, heat energy makes the particles move faster.
★ There are about 90 different kinds of atoms, known as the elements.
★ Atoms of the elements link together to give millions of different compounds.
★ A compound contains two or more different atoms linked together.A mixture is simply two 
or more substances which are not linked together.
★ Mixtures are often easy to separate while breaking up compounds often takes much energy.
★ In a chemical change, links between atoms are broken and new links are formed.
★ In a chemical reaction, new substances are formed.
★ In a chemical reaction, the same atoms are there before and after.  The way they are linked 
has changed.
★ In a chemical reaction, mass is neither created or destroyed:  the total weight is the same 
before and after.
★ When magnesium burns, the magnesium atoms link with oxygen from the air.
★ The white powder is called magnesium oxide.  
★ In magnesium oxide, magnesium atoms are linked to oxygen atoms.
★ As this new link is formed, much heat and light energy are released, giving the blinding 
white flame.
It  is very difficult to weigh the oxygen used up in linking to the magnesium.  Therefore, there 
appears to be a gain in mass.  However, there is no real gain because oxygen from the air has 
been used up.
Inside Atoms
The idea of everything made up of atoms linked together began to develop in the early 19th 
century.  Towards the end of the 19th century, some scientists started to notice some strange 
effects.  They started to realise that very big atoms could fall apart.  This meant  that atoms were 
made up something even smaller!
To Think About
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It  took about  30 years for exact  picture to become clear but, by about  1932, it  was discovered 
that atoms were made up three even smaller particles.
Remember:  An atom of an element of average mass weighs:
Also:  roughly, 10 million atoms laid side by side gives the width of a full stop on this page!
Atoms are made up as shown:
Particle Mass Electrical Charge Discovery
Protons 1 unit +1 Discovered by Rutherford, 1918
Neutrons 1 unit 0 Predicted by Rutherford in 1920, discovered by Chadwick, 1932
Electrons 1/1850 unit -1 Discovered by Rutherford, 1897
The protons and neutrons weigh almost the same and are tightly packed together at  the centre of 
the atom, which is called the nucleus  The electrons fly around the in quite complex patterns.  
Let us look more at the elements.
To save time writing, each element was given a symbol.  Almost every element was 
discovered and named by a scientist in Europe and the symbols are all in the languages 
of these countries.  Sometimes, the symbol is very like the name but  sometime it  is not. 
This is because the symbol is based on one language while the name is based on 
another.
Complete the following table to by writing in the symbols for the elements.
0.0 000 000 000 000 000 000 000 g
Nucleus
Protons and Neutrons
Electrons likely to 
be in this volume
As the electrons are so small  and so much lighter than the 
protons and neutrons, it  can be seen that nearly all the mass 
of the atoms is in the incredibly tiny nucleus.
As the protons are positively  charged, this means that there 
is  an enormous concentration of ‘positiveness’  in the tiny 
volume of the nucleus.
Question
Time
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Name Symbol Name Symbol
Carbon Sodium
Nitrogen Magnesium
Oxygen Copper
Hydrogen Silver
Helium Lead
Calcium Zinc
Potassium Bromine
Phosphorus Sulphur
Chlorine Silicon
Iron Nickel
Fluorine Titanium
Lithium Iodine
Cobalt Gold
★There are about 90 different kinds of atoms in the world, known as the elements.
★All these atoms are made up protons, neutrons and electrons.
★The elements are listed in order and every element has a number.
★The number of each element is known as the atomic number.
★The atomic number is the number of protons in the atom.
To Think About
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We can show the number of protons, neutrons and electrons for the first 20 elements.
Element
Atomic 
Number
Protons Neutrons Electrons
Mass 
Number
Hydrogen 1 1 0 1 1
Helium 2 2 2 2 4
Lithium 3 3 4 3 7
Beryllium 4 4 5 4 9
Boron 5 5 6 5 11
Carbon 6 6 6 6 12
Nitrogen 7 7 7 7 14
Oxygen 8 8 8 8 16
Fluorine 9 9 10 9 19
Neon 10 10 10 10 20
Sodium 11 11 13 11 23
Magnesium 12 12 12 12 24
Aluminium 13 13 14 13 27
Silicon 14 14 14 14 28
Phosphorus 15 15 16 15 31
Sulphur 16 16 16 16 32
Chlorine 17 17 18 17 35
Argon 18 18 22 18 40
Potassium 19 19 20 19 39
Calcium 20 20 20 20 40
★Look at the table above.  Here are some simple guidelines:
To Think About
(a) Atomic Number = number of protons.
(b) Mass Number = number of protons plus neutrons.
(c) The number of electrons is equal to the number of protons, 
      if the atom is electrically neutral (it often is not neutral).
(d) The mass of the atom is almost entirely that of protons and
      neutrons as the electrons are so light.
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★There is standard way to show the atomic and mass numbers along with the symbol.  Here 
is an example:
This lithium contains 3 protons, 4 neutrons and 3 electrons
Think about it for a moment.   Given the atomic number and the mass number, we can know how many of 
all three particles is in a neutral atom.
★The electrons are organised by their energy.  Two electrons have the lowest energy, 8 the 
second lowest and so on.
★Here is how the energy levels of the first 20 elements are shown:
Element Symbol Number of protons
Usual number of 
neutrons
Number of 
electrons
Electron 
Arrangement
Hydrogen H 1 0 1 1)
Helium He 2 2 2 2)
Lithium Li 3 3 3 2)1
Beryllium Be 4 5 4 2)2
Boron Be 5 5 5 2)3
Carbon C 6 6 6 2)4
Nitrogen N 7 7 7 2)5
Oxygen O 8 8 8 2)6
Fluorine F 9 10 9 2)7
Neon Ne 10 10 10 2)8
Sodium Na 11 12 11 2)8)1
Magnesium Mg 12 12 12 2)8)2
Aluminium Al 13 14 13 2)8)3
Silicon Si 14 14 14 2)8)4
Phosphorus P 15 16 15 2)8)5
Sulphur S 16 16 16 2)8)6
Chlorine Cl 17 18 17 2)8)7
Argon Ar 18 22 18 2)8)8
Potassium K 19 20 19 2)8)8)1
Calcium Ca 20 20 20 2)8)8)2
To Think About
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Forces and Movement
Imagine yourself travelling in a car.  When the car starts moving, 
you feel slight ‘push’ at  your back as you are moved forward. 
When the car slows suddenly, you feel yourself sliding forward in 
your seat.  This is the world of forces.  We are going to explore a bit 
about how forces and movement work.
When you throw a ball up in the air, you apply a force to the ball and it  moves upwards.  When 
you push a door open, you apply a force to the door and it moves to the open position.  Very 
often forces cause movement.  However, this is not always true.  Here is a picture of a student 
trying to push a huge rock.  The rock will not  move.  This is because the forces caused by the 
enormous mass of the rock and the fact  that it  is stuck in the ground are very much larger than 
any force that the student can use.  The rock will never move.  If a force is to cause something 
to move, then we have to look at all the forces involved.  
To Think About
Some important ideas:
★ Forces can make things move but we need to look at all the forces involved.
★ When a force makes an object move, we talk of the object accelerating.
★ When a force makes a moving object slow down, we talk of de-acceleration.
★ If there are no forces on an object, we say that he object  will continue moving with the same 
velocity.
Activity 14
Here are some things for you to do.    You will need:  a book, a bench, a table.
Do the following:
(1) Place a book on the palm of your hand.   Lift  your hand.   You are exerting a force on the 
book and it moves upwards.
(2) Now drop the book.  It falls back to the bench surface.  The book moves.  What is causing 
this ?
 ………………………………………..
(3) Place the book on the bench.   The book is exerting a force downwards on the bench.  Try 
to explain clearly why the bench does not move ?
 … … … … … … … … … … … … … … … . . … … … … … … … … … … … . . .
……………………………..
(4) Sit opposite your partner.  With your elbows in the table, put  your hands against each other. 
Now both push hard and try to force your partner’s hand down onto the table.  Try this 
several times.
 Both of you are exerting a force but the movement is only one way.  Why is this so?
 … … … … … … … … … … … … … … … . . … … … … … … … … … … … … … … … . .
……………………
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(5) Stand next to the wall.  Face the wall.  Press the wall as hard as you can?   Does the wall 
move?    
 You are using considerable force against the wall.  Why does the wall not move ?
 … … … … … … … … … … … … … … … . . … … … … … … … … … … … … … … … . .
……………………
(6) Imagine a large table.  When you push it  sideways, it  may move but it  takes quite a lot  of 
force and when you stop pushing, movement stops.  What is hindering the table moving?
 … … … … … … … … … … … … … … … . . … … … … … … … … … … … … … … … . .
……………………
Some important ideas:
There are all kinds of forces:
Pushing, pulling, twisting.
★ Sometimes, when we push, pull or twist  an object, it  does not  move.  That  is because there is 
a force opposing the push, pull or twist that we can produce.
Activity 15
Here is something for you to do
You will need:  two students and the door to the classroom.  One student  should be big and the 
other the smallest member of the class.  We are going to show you how the smallest  member of 
the class can use a force to overcome the largest.
Do the following:
(1) The smallest class member is asked to go outside the door and the room and the door is 
shut.
(2) The largest  member is to push as hard as possible to stop the door opening but  must  push as 
shown in the diagram.
(3) The class member is now told to turn the handle and push the door open.
To Think About
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(4) What happens?
(5) Try to explain why the small class member is able to open the door when the largest  class 
member is trying to hold it shut.
Activity 16
Here some things for you to do
You will need:  a meter stick with a hole in the middle, a stand, and some weights.
Do the following:
(1) Set up the metre stick so that it is supported by the stand.
(2) Hang one weight, 30 cm out from the centre of the metre stick.
(3) Hang an identical weight on the other side and adjust  its position until the metre stick 
remains horizontal, as shown:
(4)   Write down the distances on each side by completing the first line of the table below.
(5)   Now try two weights at 25 cm out from the centre and see where another set of two weights 
has to be placed to have the metre stick and see where the second set has to be placed.
Write down the distances on each side by completing the first line of the table below.
(6) Complete line two of the table 
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(7) Carry out the experiment with several combination of weights and complete the table 
below.  Each time, you are required to get the metre stick back to horizontal.
(8) You can try other combinations and add them to the table in the last two rows.
 Try to predict what  will work, before you try it out.
Left hand side Right hand side
Number of weights Distance from centre Number of weights Distance from centre
1 weight 30 cm 1 weight
2 weights 25 cm 2 weights
2 weights 20 cm 1 weight
3 weights 15 cm 1 weight
1 weight at 20 cm plus 1 weight at 30 cm 2 weights
3 weights at 10 cm plus 1 weight at 20 cm 1 weight
3 weights at 10 cm plus 1 weight at 20 cm
1 weight
2 weights
Question
Time
Now try to work out the gaps in the following table:
Distance Weight Distance Weight
10 cm 2 g 20 cm
5 g 50 cm 2 g
25 cm 4 g 5g
15 cm with 2 g plus 30 cm with 1 g 20 cm
25 cm with 4 g plus 20 cm with 3 g 40 cm with 2 g plus 4 g at ……….
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To Think About
Some important ideas:
★ You have measured what is known as the turning effect of a 
force.
★ The greater the distance away from the centre, the greater the 
turning effect.
★ This explains why the smallest  student  in your class could 
open the door against the force exerted by the largest student.
★ It  also explains how a crane works in a building site.  There is 
a huge weight  at one end of the arm and this balances the crane 
as it lifts heavy objects.
★ Our muscles can only exert  small forces, no matter how strong we are.  However, using the 
idea of turning effects, we can move impossibly large objects.  Let’s see how this might 
work.
Have you ever thought how the Egyptians built  the pyramids?  They had no machines, no 
cranes, no heavy equipment.   They might have used turning effects.  Imagine a man, of weight 
100 kg, standing at the right hand end of the piece of wood.  Suppose that  the wood is only 10 
cm under the huge block of stone and the wood is 1.1 metre long.  The man will be able to lift 
the stone if it is a stone weighing a tonne.
Some important ideas:
To Think About
!
 
 
 
Piece of wood 
To Think About
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★ You have just invented a lever.  A small force at  one end of a rod will overcome a large force 
at the other, if the balance point is not in the centre.
★ Remember that the small force is a long way from the balance point  and the large force is 
very close to the balance point.
Question
Time
(1) Suppose that the small force is 120 centimetres from the balance point and the large force 
is 12 centimetres from the balance point.  If the large force is caused by an object which 
weighs 500 kg, what so the size of the small force to just manage to life the large object?
 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . .
……………………..…….
(2) Suppose that the large object  weighs 1500 kg (a small car).  How long would the lever have 
to be if it was 10 cm under the car in order that a force of 75 kg might be used to lift  the car 
slightly?
 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . .
……………………..…….
 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . .
……………………..…….
★ Look again the lever above.  In order the move the large object, the small force has to go 
down a long way.  The small force only moves up a short distance.
★ We have marked the distances for the balance point for the lever.
★ Can you see that for every centimetre that the large object goes up, the small force has to 
move 10 cm ?
Large force
To Think About
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★ This leads to an importance principle:
Force 1 x Distance travelled by force 1   =   force 2 x distance travelled by force 2.
Activity 16
Go to the internet  and search for:  pulley; axle and wheel; inclined plane; wedge and screw.  In 
each of these a small force travelling a large distance can overcome a large force moving a 
small distance.
Draw some pictures of what you find.
Let us go back to movement again.
Question
Time
(1) Imagine you travelled in a car for a distance of 40 km.  This took you you one hour.   The 
your average speed would be:     40 km per hour
(2) Suppose you travelled for 2 hours and covered 90 km.
 What is your average speed:
 ……………………………………………………………
(3) How did you calculate this ? 
(4) ……………………………………………………………
(4) The more accurate word for speed is velocity.  Speed can be in any direction but  velocity is 
always in a known own direction.  Let us use the word ‘velocity’ from now on.
(5) If you travelled at  an average velocity of 35 km per hour in one direction, how far would 
you travel in 3 hours in the same direction?
 ……………………………………………………………
(6) km per hour is a difficult set of units to use.  Using metres per second give easier numbers.
 Remember:  
Large force
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There are 1000 metres in 1 kilometre and 60 seconds in one minutes and 60 minutes in one 
hour.
 Suppose we want to convert 360 km per hour into metres per second:
 360 km = 360 x 1000 m
 1 hour is 60 x 60 seconds.
 Therefore: 360 km per hour = 360 x 1000 / 60 x 60
 Writing this in an easier way:
Now complete the table:
Velocity Velocity in metre per second
36 km per hour metres per second
18 km per hour metres per second
900 km per hour metres per second
50 km per hour metres per second
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First Year Booklet                                                                                                                         Appendices  
Some important information:
Measurement Units Symbols
Distance Metre m
Time Second s
Velocity Metre per second ms-1
Given any two of the above, you can always calculate the third:
More to Think About
Sir Isaac Newton was born in 1643 and died in March 1727. 
 He was a brilliant mathematician and physicist as well as an 
excellent theologian and a great thinker.  He observed and 
measured how things moved and summarised them in what 
we now call Newton’s Laws of Motion.
(1) In the absence of force, an object either is at rest or moves in a straight line with constant 
velocity
(2) An object experiencing a force F experiences an acceleration a related to F by F = ma, 
where m is the mass of the object.
(3) Whenever a first object exerts a force F on a second object, the second object exerts a force 
−F on the first object. F and −F are equal in magnitude and opposite in direction.
Discussion
Time
(a) Look at each of these Laws and think of examples.
                                                          Thank you for your Help
Best Wishes in your Studies
To Think About
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Appendix 9
Teacher's Guide (1st year)
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The World Around us
Teacher’s Guide
This workbook aims to introduce the school students to the fundamental ideas relating to the 
way matter is constructed and behaves.
The overall aim is to encourage the students to look at the evidence which has shown how the 
world works and to think critically about the science involved.
There are many experiments which can be done in this section of work.  Also, great  emphasis is 
placed in group work (with small groups of about  3-4 students working together).  Please allow 
the students the freedom to work on their own and to work in groups as indicated by the 
booklet.  Please allow them to do the experiments (or demonstrate them where safety demands).
Allow the booklet to direct the teaching.  Please do not lecture!!
At various places, the students are asked to check their answers with you.  Answers are provided 
in this guide.
We hope you find the approach both challenging and enjoyable for your pupils.
Thank you for your help.
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Some Extra Information and Answers
Page 2 The main point is that pupils see that solids will displace water and the volume of water 
displaced gives a measure of the volume of the solid.  While air will compress easily, the paper 
will be dry, showing that air is trapped in the cup.
Page 3 Density is an incredibly difficult topic at this age.   Allow the pupils enough time for the idea to 
develop. 
Page 4 0.78 g cm-3
Page 5 Part (c), the pupils might come up with ideas like air moves around, winds, some may even have 
the idea of particles moving and mixing.
 Iron will float on Mercury although it slowly dissolves as well!
Material Mass Volume Density
Water 80 g 80 cm3 1 g cm-3
Iron 78.5 g 10 cm3  7.85 g cm-3
Alcohol 40 g 50 cm3 0.8 g cm-3
Copper 44 g 5 cm3  8.8 g cm-3
Crock 5 g 25 cm3 0.2 g cm-3
Mercury 68 g 5 cm3 17.6 g cm-3
Page 6 They may come up with quite a list for the three phases.  Accept anything reasonable.
(a) They may appreciate that materials with densities above 1 g cm-3 will tend to sink.
(b) The concept of gas is difficult at this age in that they have met so few.  Here is chance of 
widen their experience.
(c) This challenged the best brains for centuries until Scottish engineers built the first iron ship 
a long time ago.
The key thing, at their stage, is for them to see that the hull is hollow and inside is much air 
etc.
Page 7 They will establish that mass is constant, irrespective of whether solid or liquid.
 The fact that air has mass is not easy.  Allow time for discussion.
Page 8 Lithium floats on water (reacting all the time).
 The dissolved fats and solids in milk give it a slightly higher density.
 The idea that density is a constant, irrespective of the amount of material is not easy.   In this,  it 
differs from both mass and volume.
Page 9 It is not easy, at the start, to see that gases are completely different in molecular spacing.  Solids 
and liquids have very similar densities and that is because the molecules are close to each other 
in both states.  The key difference between solids and liquids is the formation of crystal 
structures in solids and the more random nature in liquids.  However, this is only to make them 
think at this stage.  Do not tell them answers!
 Hydrogen burns explosively:  danger.
Page 10 The experiments are designed to make them think in terms of particles.
 The human analogy is very effective.
Page 11 To illustrate the extent of spacing in gases compared to liquids, 18 cm3 of water will occupy over 
22 litres when turned into steam.  That suggests that about 99% of the volume of a gas is empty!!
Page 13 Show them a thermometer and how to treat it with care.
 The idea that the temperature rises until the melting point and then stays constant until melting is 
complete is surprising.  Similarly, idea that the temperature rises until the boiling point and then 
stays constant until boiling is complete is also surprising.  
Page 14 
(1) Human metabolism is very temperature dependent.  A quite small rise will make a person 
seriously ill.  A bit more causes death.  The human body possesses very precise temperature 
control mechanisms.
(2) The sun must be a gas.  In fact, it is mainly a plasma:  a gas where the electrons have been 
stripped off the atoms.  However, for the pupils, a gas is enough!
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Molcular movement is directly proportional to temperature (in Kelvins).  They may appreciate that, at the 
lowest possible temperature, all molecular movement has ceased.
Page 16 Chemical changes (or chemical reactions) are not easy to grasp when first met.  The approach 
here is to relate everything to the breaking and making of chemical links (bonds).   This is the 
true picture of chemical reactions.  The distinction between chemical change and physical 
change is unhelpful in that many supposed physical changes are, in fact,  chemical. Thus, 
dissolving salt in water involves bond breaking and making and has an energy output. 
Therefore, do NOT emphasis the difference:  most of the supposed differences are simply NOT 
true.
Page 17 The two experiments have the aim of establishing that matter is neither created nor destroyed in 
chemical reactions.  Soluble barium compounds are poisonous but only if ingested.  There is 
little real risk.
Page 18 The magnesium burning is put in to challenge them.  They will instinctively think that the white 
oxide is lighter.  They will be wrong.
Page 19 Do not suggest that electrons orbit.   They do NOT.  They move in complicated volumes of space, 
following quantum rules.  The orbital idea was rejected nearly a century ago as complete 
nonsense!
Page 27 Activity 14 is designed to give the students some experience of the way forces work.
(2) The book falls because it is experiencing a downward force, caused by gravity;
(3) The bench is exerting an upward force on the book, stopping further movement;
(4) The movement is always in the direction of the larger force;
(5) The wall is offering a force to resist the force by the student.
(6) The movement stops when the push stops because there are forces acting against the 
direction of movement. The main force is friction.
Page 28 This is best done with the whole class together and is fun.
 Avoid embarrassing any student as some students at this age may be very self conscious if they 
are tall or short, thin or fat.
Page 30
Distance Weight Distance Weight
10 cm 2 g 20 cm 1 g
20 cm 5 g 50 cm 2 g
25 cm 4 g 20 cm 5g
15 cm with 2 g plus 30 cm with 1 g 20 cm 3 g
25 cm with 4 g plus 20 cm with 3 g 40 cm with 2 g plus 4 g at  20 g
 
Page 31 50 kg 200 cm
Page 32 This allows the students to explore through the internet and try to find out as much as they can.
 You can then discuss their findings with them and show examples.
Page 33 
(2) 45 km per hour
(3) Divide distance by time
(5) 105 km
(6) 
Velocity Velocity in metre per second
36 km per hour 10 metres per second
18 km per hour  5 metres per second
900 km per hour 250 metres per second
50 km per hour 13.9 metres per second
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The World Around Us
Introduction
Have you ever thought  about how the world is constructed?  The first  suggestion that  all matter 
was made up of very small particles was made by the Greek philosopher, Democritus, in 
440BC.  He asked the question, “if I cut this object in half and then each bit in half, can I go on 
forever?’  He suggested that  there would come a time when he would be down to the 
fundamental particles.  They would be ‘uncutable’.  The Greek word for ‘uncutable’ is ‘atomos’. 
This gave us our word ‘atom’.
This booklet  is all about the world of atoms and how they behave.  These tiny particles behave 
in the most amazing and strange ways and you will discover much about how our world is 
constructed.  The aim is that begin to understand how things work.  Keep asking yourself (your 
fellow students and your teacher) until you feel you are making sense of everything.
How many different kinds of atoms are there?  For many centuries, many experiments were carried out to 
find all the different kinds of atoms.  These different kinds of atoms were called elements.   By about 
1850, over 50 of these elements were known.  Today, we know that there are about 90 of these elements 
in the world and scientists have made a few more as well, giving 112.  The elements were numbered, 
roughly in order of the weight of the atoms.
On the next page is a table giving the dates when each element was discovered.  The elements are listed 
in number order.  Not all are shown.  Do not worry about the strange shape of the table.  There are good 
reasons why it has this shape but we shall explain that later.
Turn to page 2.  Working in a group of about three, see how many of these elements you recognise.   You 
should certainly have heard of 20 of them.  Perhaps, you have heard of nearly 30,  or even more.  Write 
down the names of the elements with which you are familiar.   Use the table on page 3.  How many lines 
can you complete?
Discussion
Time
Question
Time
Practical
Time
How to use this Booklet
Follow this booklet carefully as directed by your teacher
Discuss in a small group, using internet if you wish.
Answer the questions on your own
Some practical to do
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Discussion
Time
Elements we Recognise
Element
Number Element Name What you Know about Element
When you have filled in as many lines as you can, you move onto page 4.
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Making Life More Simple
It takes time to keep writing down the names of the elements.  Many years ago, each element was given  a SYMBOL. 
Unfortunately, all  the symbols are not in Arabic but use Western languages.  This is because all the elements were 
first discovered  by scientists  working in the West.  This makes it much more difficult for those who speak Arabic, or 
Chinese, or many other languages!
Here is the table using these symbols, showing the date when each element was first obtained pure.
Discussion
Time
(1) The dates of discovery for some elements are not given. Can you suggest a reason why they are not shown?
 ..............................................................................................................................................................
(2) Why were metals like copper, silver, gold, tin and lead discovered so early?
 .............................................................................................................................................................. 
(3) Many of the metals in columns I and II were discovered near the start of the 19th century. These are common 
metals. Why were they discovered so late in the world’s history? What allowed them to be discovered at this 
time?
 ..............................................................................................................................................................
(4) Look at the last column (the noble gases). Where do most of these gases occur in the world? Why do you think 
they were they all discovered at a similar time?
 ..............................................................................................................................................................
(5) Nitrogen, oxygen and chlorine were all discovered about the same time. Can you suggest a reason why? Why 
was fluorine discovered later?
  ..............................................................................................................................................................
  ..............................................................................................................................................................
1776
1H
1861
81Tl
1863
49In
1803
77Ir
1803
45Rh
1803
76Os
1844
44Ru
1925
75Re
1937
43Te
1783
74W
1782
42Mo
1903
73Ta
1801
41Nb
1923
72Hf
1824
40Zr
1889
89Ac**
1839
57La*
1828
39Y
1735
78Pt
1803
46Pd
79Au
47Ag
80Hg
1817
48Cd
1940
85At
1811
53I
1826
35Br
1774
17Cl
1898
84Po
1782
52Te
1817
34Se
16S
1753
83Bi
1620
51Sb
1649
33As
1669
15P
82Pb
50Sn
1886
32Ge
1824
14Si
1875
31Ga
1827
13Al
1900
86Rn
1898
54Xe
1898
36Kr
1894
18Ar
1898
10Ne
1895
2He
1886
9F
1776
8O
1772
7N6C
1808
5B
1746
30Zn29Cu
1751
28Ni
1735
27Co26Fe
1774
25Mn
1797
24Cr
1801
23V
1791
22Ti
1876
21Sc
1898
88Ra
1808
56Ba
1808
38Sr
1808
20Ca
1808
12Mg
1828
4Be
1939
87Fr
1860
55Cs
1861
37Rb
1807
19K
1807
11Na
1817
3Li
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Metals and Non-Metals
Metals tend to be shiny and to conduct electricity.  Many metals are hard but  a few are very soft.  Non-metals tend 
not to  be shiny and usually do not  conduct  electricity.  Non-metals tend not to be so hard.  Indeed, some of them are 
liquids and some are gases.
Most of the elements are metals and the table below shows that they  tend to lie to the left.  The elements on the 
borderline of metals  and non-metals  sometimes  show behaviour of both.  Think of Carbon, element number 6.  Most 
carbon is  found as the black substance known as graphite (soot is  graphite). Although a non-metal, this does conduct 
electricity.  However, a very small amount of carbon exists as diamonds.  These do not conduct electricity
Question
Time
Complete the table
Element Descriptions Names Symbols
(a) Two elements which are liquids:
(b) Eleven elements which are gases at room 
temperature:
(c) Three metals which are attracted to magnets:
(d) The least dense element:
(e) Two elements which will write on paper:
Check your answers with your teacher before going on.
1H
81Tl
49In
77Ir
45Rh
76Os
44Ru
75Re
43Te
74W
42Mo
73Ta
41Nb
72Hf
40Zr
89Ac**
57La*
39Y
78Pt
46Pd
79Au
47Ag
80Hg
48Cd
85At
53I
35Br
17Cl
84Po
52Te
34Se
16S
83Bi
51Sb
33As
15P
82Pb
50Sn
32Ge
14Si
31Ga
13Al
86Rn
54Xe
36Kr
18Ar
10Ne
2He
9F8O7N6C5B
30Zn29Cu28Ni27Co26Fe25Mn24Cr23V22Ti21Sc
88Ra
56Ba
38Sr
20Ca
12Mg
4Be
87Fr
55Cs
37Rb
19K
11Na
3Li
Metals Non-metals
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How Common are the Elements?
Everything in the world is made up from the elements.  Usually, the atoms of the elements are linked to atoms of 
other elements to make the millions of substances which we meet everyday.  Sometimes, it  is easy to break these 
links and obtain the pure elements on their own.  Sometimes, it is very difficult to break these links and the elements 
are difficult to obtain and we call them rare.
Surprisingly, most of the world we can use (that is the air, the sea and the land to a depth of about 8  kilometres) is 
made up from only 12 of the elements: 
Question
Time
Look at the list of 12.    Can you see any surprises in this list ?
……………..……………..……………..……………..……………..…………….……………..………..
……………..
……………..……………..……………..……………..……………..…………….……………..………..
……………..
If we look at all the elements, we can see more information:
Colour Elements
Oxygen and silicon - about 75% of Earth's crust
The next 10 - the really common elements
Quite common
Well known elements
Not so common
Rare enough to be highly valuable
The rare elements
The very rare elements
Oxygen
Silicon
Aluminium
Iron
Calcium
Sodium
Potassium
Magnesium
Titanium
Hydrogen
Phosphorus
Manganese
All the rest
38Sr37Rb
1H
81Tl
49In
77Ir
45Rh
76Os
44Ru
75Re
43Te
74W
42Mo
73Ta
41Nb
72Hf
40Zr
89Ac**
57La*
39Y
78Pt
46Pd
79Au
47Ag
80Hg
48Cd
85At
53I
35Br
17Cl
84Po
52Te
34Se
16S
83Bi
51Sb
33As
15P
82Pb
50Sn
32Ge
14Si
31Ga
13Al
86Rn
54Xe
36Kr
18Ar
10Ne
2He
9F8O7N6C5B
30Zn29Cu28Ni27Co26Fe25Mn24Cr23V22Ti21Sc
88Ra
56Ba
20Ca
12Mg
4Be
87Fr
55Cs
19K
11Na
3Li
409
Third Year Booklet                                                                                                                       Appendices  
An Element Game
You have seen some of the names and some of the symbols for the elements.
Question
Time
Without looking back, how many of the following can you complete?
Element Symbol Element Symbol Element Symbol
Aluminum Bromine Calcium 
Carbon Chloride Copper
Fluorine Gold Helium
Hydrogen Iron Lead
Oxygen Mercury Nitrogen
Silicon Phosphorous Potassium
Sulfur Silver Sodium
Magnesium Zinc Neon
Now look back and see how many you got right.
Most of the time, the symbols for the elements use the first  letter (as  a capital letter), followed, sometimes, by a 
second letter (a small  letter).  Most of the elements were names in the English language and the name and the symbol 
are similar.  However, some of the elements were named in other languages, making it more difficult.
For example:
Element Symbol Comment
Oxygen O Discovered by the Frenchman, Lavoisier, who gave it its name
Iron Fe Known in Roman times and named in their language, Latin (the name is Ferrum)
Potassium K Named after rocks which contain potassium, known in Greek times
Helium He First detected on the sun, named after the Greek word ‘sun’ (Helios).
Copper Cu Named from the Latin:  Cuprum
Cobalt Co First detected in a mine in Sweden and named in their language.
Strontium Sr Discovered in rocks in Scotland and named after the village where it was first found
Gold Au From the Latin word:  Aurum
Bromine Br From the word which means a terrible smell (it has a powerful smell!)
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Question
Time
List the  8 elements whose name begins with a ‘C’.  Look back at page 2, if needed.
Element Symbol
Discussion
Time
(1) Almost 75% of the Earth’s crust is made up of the elements oxygen and silicon. Where (air, sea, water or 
rocks?) might you find these elements in the earth’s crust?
 ..............................................................................................................................................................
(2) Look at the elements shaded dark green. After oxygen and silicon, these are the top ten most common elements. 
 Are there any surprises and can you explain why they are there?
 Surprises: .............................................................................................................................................
 Reasons: .............................................................................................................................................
(3) Many of the elements in columns I and II are common. Where would you find these elements (air, sea, water or 
rocks?) ?
 ..............................................................................................................................................................
(4) Why are rare elements like silver, gold, platinum, helium and neon so well known?
 ..............................................................................................................................................................
 ..............................................................................................................................................................
(5) Look at element 38 - Strontium. Use the internet or books to find as much as you can about this element. In 
what country was it discovered?  After what was it named?  Has it any uses?
 ..............................................................................................................................................................
 ..............................................................................................................................................................
 ..............................................................................................................................................................
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Have you ever thought of how many words exist in the world?  Or even in on language?  There are, perhaps 20000 
words in a common dictionary for a language.  Yet, all these words are made up simply by linking together groups of 
letters.
The world is  made the same way.  By linking atoms together in  all kinds of ways, we can make millions of different 
substances.  The world is  a complicated place!  Even all human beings are made up of substances made up of atoms 
of elements linked together in complex patterns.   When two or more atoms link together, the particle of he substance 
formed is called a molecule.  The word was  first used in France in the late 18th century and means a ‘very small 
particle’. 
Indeed, most molecules are very small indeed.  If you take a teaspoonful of water, there are approximately:
167000000000000000000000 molecules of water present.
If we look at  all the molecules which make up our bodies, then we find that we are mostly made up of atoms of the 
elements carbon, hydrogen, oxygen, nitrogen, sulphur, calcium, sodium, potassium and phosphorus.
When an atom of an element  links to an atoms of another element, the molecule formed behaves very differently 
from the original atoms of the elements.  Think of water.   It is made up of molecules, each of which contains two 
atoms of hydrogen linked to one atom of oxygen.  Hydrogen is  gas which burns explosively.  With small quantities, 
this  can be heard as a ‘squeeky pop’.  Oxygen is a gas which is essential  for us to  breathe.  It also allows things to 
burn.  That  is why air is needed for a fire.  The oxygen allows the wood to burn by linking with some of the atoms in 
the wood.  Water, however, is quite different.  It is a liquid and puts out fires!
We can draw a molecule of water like this:
We show a hydrogen atom with a circle labelled with an “H”, and an oxygen atom labelled with an “O”.  It turns out 
that the molecule has this bent shape.  
The links holding the atoms together are very strong and not easily broken.  Heating is 
not enough.  However, it turns out  that electrical energy can break the link.  Here is an 
experiment to try:
Practical
Time                                                                                             
You can use a nine volt  battery to provide the energy to  break the bonds between the 
hydrogen and oxygen atoms.  Unfortunately, water does not conduct  electricity very well. 
Adding  a few  drops of dilute sulphuric acid helps.  This allows the water to  conduct 
better without affecting the results.  
Connect up the battery to  the carbon rods.  Can you see the bubbles  of gases coming up 
from the rods.  They can  be collected as shown in the diagram.  However, which gas 
comes at which rod?  We need to test each gas.  Take 
a lighted wooden splint and gently place at the mouth of each tube.  Hydrogen burns with a small squeeky ‘pop’ 
while oxygen makes the splint burn even better.  Can you now see which has comes at which rod?
The electrical energy is able to pull  the water molecules  apart to give the gases hydrogen and oxygen.  You will have 
noticed that the hydrogen comes in larger quantities.  Can you see why?
A World of Molecules
O
H H
+ -
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How are Atoms Constructed
The Idea of the Atom
By the 18th century, various  experiments had suggested that everything was made up of particles.  The word, 
‘molecule’  began to be used.  However, there was NO direct evidence as these molecules are so incredibly small. 
Look at the full  stop on this  page:  roughly, 10 million  atoms laid side by side gives  the width of the full stop!  Atoms 
and molecules simply cannot be seen.  However, some very clever experiments started to give evidence about these 
molecules and how they were arranged in the things all around us.
Inside Atoms 
The next question was how atoms are constructed and this  became an area for experiments which took place over 100 
years ago.  Up to the year 1896, everyone thought that atoms were indivisible particles.  However, in  1986, Henri 
Becquerell, the French physicist, had discovered radioactivity.  Working with Pierre and Marie Curie, they explored 
this  observation, sharing the Nobel Prize for their work.  It was clear that radioactivity involved a heavy atom firing 
out very tiny particles.  Pierre and Marie Curie had worked with Radium and it was  found that the radioactivity 
(which was detected in the beginning by the fact  that it passed through a sheet of paper but could be detected  on a 
photographic film) was in fact a stream of tiny particles which were helium atoms charged positively.  Exactly what 
this  meant  was  not so clear but it did  indicate that  atoms were made up of even smaller particles, and some of the 
particles carried electrical charges.
Working with many others, Ernest Rutherford, the New Zealand physicist devised a most amazing experiment in 
1909.  By that time, helium atoms which were charged positively 
had been called alpha-particles.  Alpha  (α) is the first letter of the 
Greek  alphabet and it had been found that there was another form 
of radiation  which became called beta-particles, beta (β) being the 
second letter of the  Greek alphabet.
Radium atoms are throwing out these alpha particles at great 
speed.  Rutherford and his  international team fired a stream of 
alpha-particles (from some radium metal) at the thinnest sheet of 
material they could devise - an incredibly thin sheet  of gold leaf 
(about 0.005mm thick).  They detected where the alpha-particles 
went using photographic film.  Rutherford had measured the speed of the alpha-particles  and found they travelled at 
an amazing 25000 km per second!
Their experiment can be pictured.  As expected, most of the α-particles just travelled straight  through the very thin 
sheet of gold.  However, to their surprise, they found that some α-particles changed direction and a few even bounced 
back.  Rutherford described  it  as the most  incredible event of his life, "as if you fired a 15-inch shell at a piece of 
tissue paper and it came back and hit you."
Firing  a tiny positive charged particle at that amazing speed at  an incredibly thin  sheet of  gold leaf and finding that 
some (roughly 1 in 8000) of the particles bounced straight back indicated that  there must be an incredibly small 
concentration of positive charge somewhere in atoms of gold.  These concentration of ‘positiveness’ was repelling 
back the fired positive α-particles.  Calculations led to the idea that 99.9% of an atom’s mass was concentrated  into a 
tiny  space in the centre of the atom.  This was called the nucleus  and the nucleus has  about 10-5 of the volume of an 
atom.  In other words, most of the volume of an atom is empty space!
Stop and think for a moment.  You are made up atoms, held 
together by electrical forces.  Most of you is empty space!! 
Indeed, most  of the world is  empty space.  However, there are 
incredibly strong electrical forces  at work keeping everything in 
place.
Thus, most of all atoms is empty  space but there are electrons 
somewhere in that space.  Where they are and how they behave 
was the next problem to solve.
Alpha	  par(cles
(charged	  2+)
Photographic
	  ﬁlm
Electrons likely to be in this 
volume of space
        Nucleus
Protons andNeutrons
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Atoms and their Structures
The Austrian physicist, Erwin Schrodinger, discovered the key to how atoms were constructed in 1925 and how these 
electrons behaved.  He was awarded the Nobel prize in 1933 for that success.  By that time, it was known that atoms 
were made up of three particles.  The table below shows more about these particles.
Particle Mass Electrical Charge Discovery Nature Position
Protons 1 unit +1 Discovered by Rutherford, 1918
2 protons plus 2 neutrons 
are an alpha particle
Exist in the nucleus of 
atomsNeutrons 1 unit 0 Predicted by Rutherford in 1920, discovered by Chadwick, 1932
Electrons 1/1850 unit -1 Discovered by Rutherford, 1897
The same as electricity, 
the same as a beta particle
Move around in some 
way around the nucleus
Thus, a picture emerged from all the evidence that 
all atoms have nearly all their mass in the nucleus 
and that the tiny electrons were arranged around 
the nucleus. Early books show them orbiting the 
nucleus but this contradicts all known physics!  It 
can be shown that electrons orbiting around a 
nucleus would fall into the nucleus in 10-8 of a 
second - slightly worrying!!
The picture that fits all the evidence is:
The problem is  that electrons are flying about.  They never seem to stay still.  It is, therefore, impossible to know 
exactly where they are or where they are going.  All we can know is where they  are likely to be.  The electron is  a 
very strange particle!
However, Schrodinger was able to calculate something of how the electrons behaved and his findings are quite 
incredibly strange.  However, before we look at what he found, let us carry out an imaginary experiment. 
It was discovered that the radiation from Radium was made up of 
very fast moving positive helium atoms (He2+).  These particles 
were called α-particles to distinguish them from another kind of 
radioactivity (known as β-particles).  β-particles (first discovered 
by the English physicist, JJ Thomson, for which received the 
Nobel Prize in 1906) were known to be negatively charged and 
about 1/2000 the size of the smallest atom.  Thus, was clear that 
atoms were made up of smaller particles, some charged 
negatively, some positively.  The negative particle was found to be 
exactly the same particle that is involved in electricity.
Nucleus
Protons and Neutrons
Electrons likely to 
be in this volume
As the electrons are so small  and so much lighter than the 
protons and neutrons, it  can be seen that nearly all the mass 
of the atoms is in the incredibly tiny nucleus.
As the protons are positively  charged, this means that there 
is  an enormous concentration of ‘positiveness’  in the tiny 
volume of the nucleus.
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Electrons in Atoms
Practical
Time
However, you have to be practical in your mind!!Imagine you are 
standing at  the foot of a cliff.  To your surprise you find that you 
have a large supply of tennis balls.  You start throwing the tennis
balls up against the cliff and some get caught in small ledges in the 
cliff face.  Two tennis balls  have got caught   on the first ledge but 
there is no room for third.  You throw harder and eight tennis balls 
manage to stick on the second ledge but it is impossible to get
another ball to stay there.  Now, the cliff looks like this: 
After that, you have to throw to reach the third ledge.  It is not 
shown but the third ledge manages to hold eighteen  tennis balls. 
It is impossible for any tennis ball to stop at any other height 
because there are no ledges between the ledges shown.
What Shrodinger found was that electrons behave just like this. 
Different electrons can hold the different amounts of energy. 
However, in atoms, only two electrons can hold the lowest amount 
of energy.  Eight can hold the next amount of energy (which is a 
bit more) while eighteen can hold the next amount of energy 
(which is even more).  No electron can hold any energy between 
these values.  
The result  was totally surprising.  It is rather like a car which can 
travel at 10 km per hour or 15 km per hour or 20  km per hour but it 
cannot travel at  any speed between these values.  This is not what we expect.  However,with electrons many 
experiments have shown that this is how they behave.  They can possess certain fixed amounts of energy (which is 
their speed of travel) but nothing in between these energy values.  The world is made in an amazing way!!
If we had enough electrons, we would find that the fourth energy level could hold 32 electrons. Let us look at these 
numbers again.
Energy Level Maximum Number of Electrons
1 2
2 8
3 18
4 32
Question
Time
Can you see any pattern in these numbers?
When you see some pattern, check in the box below for one pattern.
What a strange set of numbers but maybe they are not as strange as they seem       
There is a logic to it all!!  
The numbers 2 8 18 32
Divide each number by 2. 1 4 9 16
Can you see the pattern?
The sequence is 1 x 1 2 x 2 3 x 3 4 x 4
Another possible pattern
2 8 18 32
8 - 2 = 6 18 - 8 = 10 32 - 18 = 14
The differences rise by four (6..10..14)
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Let us consider the first  20 elements.  The table below shows how many protons, neutrons and electrons they possess. 
The final column show show the electrons are arranged in energy levels.  Remember the first energy level can only 
hold a maximum of 2, the second eight and so on.  Look at the table.  there are some interesting patterns.
Element Symbol Number	  of	  
protons
Usual	  number	  of	  
neutrons
Number	  of	  
electrons
Electron	  
Arrangement
Hydrogen H 1 0 1 1)
Helium He 2 2 2 2)
Lithium Li 3 3 3 2)1
Beryllium Be 4 5 4 2)2
Boron Be 5 5 5 2)3
Carbon C 6 6 6 2)4
Nitrogen N 7 7 7 2)5
Oxygen O 8 8 8 2)6
Fluorine F 9 10 9 2)7
Neon Ne 10 10 10 2)8
Sodium Na 11 12 11 2)8)1
Magnesium Mg 12 12 12 2)8)2
Aluminium Al 13 14 13 2)8)3
Silicon Si 14 14 14 2)8)4
Phosphorus P 15 16 15 2)8)5
Sulphur S 16 16 16 2)8)6
Chlorine Cl 17 18 17 2)8)7
Argon Ar 18 22 18 2)8)8
Potassium K 19 20 19 2)8)8)1
Calcium Ca 20 20 20 2)8)8)2
Some Important Information
(a) The number of the elements is, in fact, the number of protons in each atom of the element.  The number of 
protons is given a name:  Atomic Number.
(b) Neutrons weigh almost the same as protons  but electrons are much much lighter. Thus, most of the mass of the 
atom lies in  the protons and neutrons and these make up the nucleus.  The total number of protons plus 
neutrons is known as the Mass Number.
(c)  If the atoms is electrically neutral, the number of electrons must be the same as the number of protons. 
Remember that protons are charged positively, electrons are charged negatively.  However, as the the electrons 
move in quite a large volume around the nucleus, sometimes electrons fall off or extra electrons can be added. 
This gives charged atoms.  Remember the alpha particle:  it was a helium atom which had lost two electrons: 
It was shown as  He2+.  A n atom which unequal numbers of protons  and electrons is, therefore, electrically 
charged and is known as an ION.
(d) The  number of neutrons  is often, but  not always an even number.  The number can vary slightly  in atoms of an 
element.  Remember the neutron is not electrically charged at all.  When two atoms differ only in the number 
of neutrons, they are known as ISOTOPES.
(e) Look at the elements  potassium and calcium.  They have started to  fill up the FOURTH energy level, even 
though the third one is not yet full.  This sometimes happens but is difficult  to explain here.  The energy levels 
for electrons are know as SHELLS.
Important
The bold words in the list above are very important.
Take time to learn exactly whet they mean.
416
Third Year Booklet                                                                                                                       Appendices  
Let us draw the table again.
Element Atomic
Number
Symbol Number	  of	  
protons
Usual	  number	  
of	  neutrons
Mass
Number
Number	  of	  
electrons
Electron	  
Arrangement
Hydrogen 1 H 1 0 1 1 1)
Helium 2 He 2 2 4 2 2)
Lithium 3 Li 3 3 7 3 2)1
Beryllium 4 Be 4 5 9 4 2)2
Boron 5 Be 5 5 10 5 2)3
Carbon 6 C 6 6 12 6 2)4
Nitrogen 7 N 7 7 14 7 2)5
Oxygen 8 O 8 8 16 8 2)6
Fluorine 9 F 9 10 19 9 2)7
Neon 10 Ne 10 10 20 10 2)8
Sodium 11 Na 11 12 23 11 2)8)1
Magnesium 12 Mg 12 12 24 12 2)8)2
Aluminium 13 Al 13 14 27 13 2)8)3
Silicon 14 Si 14 14 28 14 2)8)4
Phosphorus 15 P 15 16 31 15 2)8)5
Sulphur 16 S 16 16 32 16 2)8)6
Chlorine 17 Cl 17 18 37 17 2)8)7
Argon 18 Ar 18 22 40 18 2)8)8
Potassium 19 K 19 20 39 19 2)8)8)1
Calcium 20 Ca 20 20 40 20 2)8)8)2
Practical
Time
Now look at  the elements numbers 3,11, and 19.   What do you notice about the arrangement of electrons?    Each of 
these atoms has only one electron in the outer shell.  Your teacher will  show you a sample of each of these metals: 
lithium sodium and potassium.  They are all soft and they are usually stored under oil as they tend  to link up easily to 
oxygen atoms from the air.  Your teacher may show you what happens when a small piece of each of these metals is 
dropped into water.  What do you see?
There must be a connection between the way elements behave and the way the electrons are arranged.  This  makes 
sense.  The electrons are spread all around the nucleus.  It is the outer electrons which are likely to do things with the 
atoms nearby.   We shall look at this further later.
Earlier, we showed a table with most of the elements listed there.  The table had a strange shape.  Let us look at  it 
again and see why it has this shape.
In the 19th century, chemists were trying to list  all the known elements.  A brilliant Russian Chemist, Dmitri 
Mendeleev, drew a table like the one of the following page.  Of course, he did not know anything about the way 
electrons were organised.  In fact, the electron was not discovered until  about 30 years later!  However, by laying out 
the elements in a table like this, he found something very useful: all the elements in any column tended to behave in 
very similar ways.  This table makes understanding chemistry very easy!!  The table became known as the Periodic 
Table.  The word ‘periodic’ means that things keep repeating themselves.  It  was  as if the elements kept repeating 
when we look at any column.
Now look at the periodic table on the next page.
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Did you think of the idea of positive protons in the nucleus  of an atom attracting the negative electrons of another 
atom?
Let us look at this a bit further. 
Practical
Time
Holding each end on one balloon, twist each to form a narrow bit in the middle:
Now twist the two balloons together:
The four ‘legs’ move apart from each other and form a shape called a tetrahedral shape.
Let us look in more detail at how a carbon atom links to four hydrogen atoms
An atom of carbon can link to four other atoms and it always forms this tetrahedral shape.
Fun with Balloons
Have you used modeling balloons?
Try this for yourself:
Take tow long modeling balloons:
Let us look at this a little more. Imagine a pyramid built on a triangle. 
There arefour corners. This shape is known as a tetrahedron - which 
comes from the Greek language and means four faces: can you see 
the four faces of the shape?
We are going to start by looking at the element carbon.  If the carbon 
atom is in the middle of this shape, this carbon links to four other atoms, 
each at one corner of the tetrahedron:
C
C
H
H
H
H
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Any atom under carbon can do the same.  Can  you see why?   Look at the number of electrons in  the outer shell.  It is 
always four.
We say that carbon has a valency of FOUR.  This simply means that it can link to four other atoms.
There is a simple rule:
Columns Valency Electrons in outer shell
Atoms in column 1 1 1 electron in the outer shell
Atoms in column 2 2 2 electrons in the outer shell
Atoms in column 3 3 3 electrons in the outer shell
Atoms in column 4 4 4 electrons in the outer shell
Let is ignore, for the moment, all the elements in the middle.  Jump to the column which has nitrogen at the top.
We might  expect that the atoms in column five (the nitrogen column) would have a valency of five.   They do but life 
is little more complicated than that!   They can also have valency of 3.
In column 6 (the oxygen column), a valency of six is  possible but  a valency of 2 is very common and, for oxygen, is 
the only valency it  shows.  In column 7, a valency of 7 is possible but is not so  common,  The more common valency 
is  1.  We might expect the valency for the final column to  have a valency of 8  or 0 and we would be right.  With a 
valency of zero, there are no links.
Now go back the elements in the middle.
What you notice about the number of electrons  in  the outer shell?     You might  predict  that these elements would 
show a valency of 2.  In fact, most of them are valency 2 although many also have other valency numbers.
Here is a summary:
The periodic table above give a a simple way to remember valency numbers.  Always assume that the valency is  what 
the table above suggests unless you are told otherwise.
The periodic table makes life easy in remembering the valency numbers!!
1H
81Tl
49In
77Ir
45Rh
76Os
44Ru
75Re
43Te
74W
42Mo
73Ta
41Nb
72Hf
40Zr
89Ac**
57La*
39Y
78Pt
46Pd
79Au
47Ag
80Hg
48Cd
85At
53I
35Br
17Cl
84Po
52Te
34Se
16S
83Bi
51Sb
33As
15P
82Pb
50Sn
32Ge
14Si
31Ga
13Al
86Rn
54Xe
36Kr
18Ar
10Ne
2He
9F8O7N6C5B
30Zn29Cu28Ni27Co26Fe25Mn24Cr23V22Ti21Sc
88Ra
56Ba
38Sr
20Ca
12Mg
4Be
87Fr
55Cs
37Rb
19K
11Na
3Li
Valency 0
Valency 2
Valency 2
Valency
3 or 5
Valency 4
Valency 1
Valency 3
Almost all have Valency 2 
and other valences as well
Valency 1
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More about Atoms Linking 
The link that holds atoms together is known as a Chemical Bond.
A chemical bond simply means that  some electrons lie between the positive nuclei of two atoms.  Very often, this 
involves two electrons between the two atoms.  The nucleus of an atom (being positive) attracts the electrons (which 
are negative) and this holds an individual atom together.  However, the positive nucleus  of one atom can also attract 
the electrons of another atom.  The electrons are then attracted to two nuclei  and this holds the two atoms together. 
This is how atoms attract each other.
Look at two atoms of hydrogen. Each has one electron. If the nucleus of one hydrogen atom is attracted to the 
electron of the other hydrogen atom, then we could draw the situation like:
Each nucleus is  positive and the two electrons are held between the two atoms, moving around, and being attracted to 
both nuclei. The two electrons hold the two nuclei together and we have a molecule of hydrogen.
This can be shown in many ways:
A hydrogen molecule is shown as H2.  This means that two hydrogen atoms are held together by a chemical bond. In 
this  case, the chemical bond is a pair of electrons attracted to both nuclei. It is very common for two atoms to be held 
together by a pair of electrons.  Such a bond is known as a COVALENT Bond.
Let us look at two atoms of the element fluorine.  Fluorine is  element number 9. It  is  more complicated than 
hydrogen because each fluorine atoms has  nine electrons.  However, the same principle applies. Two electrons lie 
between the two atoms and  are attracted  to both  nuclei, holding the two fluorine atoms together. The other eight 
electrons are not involved in the bonding in this direct way.
Each fluorine nucleus contains 9 protons and we show the molecule of fluorine like this:
This can also shown:
Most of the non-metal  atoms form covalent bonds between two atoms like this.  However, it is not always the case 
that only two atoms are involved.  With Phosphorus, four atoms are linked together to  give the molecule P4. With 
sulphur, eight atoms are involved, linked in a ring which is  shaped like a royal crown. Here is a list of some of the 
common molecules formed with non-metal elements.
2 electrons ++
++ XX H — H
X stands for an electron
The line represents 
two electrons
2 electrons ++
2 electrons FF
FF XX F — F or           F2
Hydrogen	
 H2 	
 Chlorine	
 Cl2	
 Oxygen	
 O2
Bromine	
 Br2 	
 Nitrogen	
 N2	
 Iodine	
 I2
Fluorine	
 F2	
 Phosphorus 	
P4	
 Sulphur	
 S8
421
Third Year Booklet                                                                                                                       Appendices  
Other Elements
Metal atoms do not hold electrons quite so tightly and they tend not to form covalent bonds in this way.  We shall 
look at them later.
Let us look now at the molecules formed when the two atoms are different.   If the elements are non-metals, exactly 
the same kind of things often happens. Let us look at one hydrogen atom and one fluorine atom:
This is often written as:    H – F   or simply as:   HF  
There are two electrons between the nucleus of the hydrogen atom and nucleus of the fluorine atom.  The two 
negative electrons hold together the two positive nuclei.  This molecule is known as hydrogen fluoride.
When the two atoms are different, we have a compound. We can obtain the same kind of molecules with many other 
atoms.  Here are some of the common compounds with such non-metal atoms:
Hydrogen Fluoride HF
Hydrogen Chloride HCl
Hydrogen Bromide HBr
Hydrogen Iodide HF
Each of the elements above has an odd number of electrons. This allows one electron from each atom to  become part 
of the chemical bond holding the atoms together.  However, some atoms are more versatile.
Consider oxygen.  It has 8 electrons, and it can use two of them to form TWO bonds.  If it  links to hydrogen atoms, 
then it can link to TWO hydrogen atoms at the same time.  It forms a molecule shaped like:
This  is water and can be shown as H2O.  This means that two hydrogen atoms are linked to  one oxygen atom.  It can 
also be drawn as:
The water molecule has in  fact, a shape like this, with the two hydrogen  held on to the oxygen atom, creating an 
angle of 105˚. The reason for the angle is  that there are other electrons around the oxygen atom and these repel  the 
electrons in each covalent  bond, forcing  them to this angle.  Remember that each line represents a pair of electrons 
holding two nuclei together - a covalent bond.
Molecules can have all kinds of shapes.   Some atoms can form two bonds (four electrons) between the atoms. 
Carbon is good at this. Nitrogen can even form three bonds between two nitrogen atoms in nitrogen gas.
Here are some pictures of some molecules:
Carbon dioxide has the atoms in a straight line
 O = C = O CO2 There are two bonds holding the carbon atom to each of the 
two oxygen atoms
Ammonium is nitrogen hydride and is shape like a tripod (a pyramid):
This can be shown as NH3
" H F
H H
O - -
- -
H H
O
H
H
H
N
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Valency and Chemical Formulas
The world is made up of substances which are themselves made by atoms linking  together.  Remember, in the world, 
there are about 90 natural elements.  All the millions of the substances in the world are simply made by linking atoms 
of these elements together.
When two or more different kinds of atoms link to each other, the substance formed is called a Compound.
Here is a simple rule:
Here are some examples.
Name Elements Formula
Sodium Chloride (salt) Sodium and chlorine NaCl
Copper oxide Copper and oxygen CuO
Hydrogen oxide (water) Hydrogen and Oxygen H2O
Aluminium oxide Aluminium and oxygen Al2O3
Carbon dioxide Carbon and oxygen CO2
Look at the table.
The small numbers  after the symbol for the element show that there is  more than one atom there.  Thus, with water 
molecules, there are TWO hydrogen atoms linked to ONE oxygen atom.  In aluminium oxide, TWO aluminium 
atoms are there for every THREE oxygen atoms.
You do not have to remember these formulas.  There is  a simple way to write these formulas.  However, we need to 
think about numbers first.
There are two systems of numbers used in chemistry.  We only need to think up to seven. 
Modern Numbers 1 2 3 4 1 6 7 Used for numbers of atoms in a formula
Classical Roman 
System I II III IV V VI VII
Used for valency numbers
A simple way forward:
(a) For the main columns, remember that the valency is usually found from the group number (the column 
number):
 Group I Valency I Group V Valency III (sometimes V)
 Group II Valency II Group VI Valency II
 Group III Valency III Group VII Valency I
 Group IV Valency IV Group VIII Valency 0 (they only form bonds with a few 
elements)
(b) Assume that the metals in the middle have a valency of II unless told otherwise.
(c) You will be told if you meet any exceptions - you cannot work it out!!
An Example
 Phosphorus is in Column V and would be expected to have a valency of III
 Assume it is III unless told otherwise.
            Thus:   PCl3 is Phosphorus (III) Chloride   what you expect
            and      PCl5 is Phosphorus (V) Chloride    when phosphorus uses a higher valency of  five.
If a compound contains just two elements, its name ends in -IDE
If a compound contains the elements, one of which is oxygen, its name ends in -ATE
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Writing Chemical Formulae
Chemical formulas show the numbers of the different types of atoms in molecules.      
Follow these simple steps to write chemical formulas :
          Step 1:  Write the symbols of elements.    
          Step 2:  Using the periodic table, mark the valencies above the atoms using Roman numerals. 
          Step 3:  Cross-over the top valency number to the bottom of the other element symbol.  Do this  for both. 
          Step 4:  Write the completed formulae with those same numbers at the bottom. 
          Step 5:  Remove the number ‘1’ from any formulae.
Now look at the examples:
Example 1  
Suppose you need to write the formula for sodium oxide
 Step 1:  Write the symbols of elements: Na O  
 
            Step 2: Mark the valencies above the atoms: 
 
              Step 3: Cross-over the valenc numbers:   Na2 O1       
 Step 4:  Write the completed formulae     Na2O
This formula means:
TWO sodium atoms, each with a valency of one (I), link to ONE oxygen atom, with its valency of two (II).
Example 2:
Write the formula for aluminium sulphide
 Step 1:  Write the symbols of elements:                     Al S 
 Step 2:  Mark the valencies above the atoms:   
NaI OII
Na2 O1 
            Step 3:  Cross-over the valency numbers: 
            Step 4:  Write the completed formulae                        Al2S3
Some Further Examples
(a) Calcium Chloride CaII CII gives CaCl2
(b) Magnesium Oxide MgII OII gives Mg2O2 which simplifies to MgO
(c) Carbon Oxide CIV OII gives C2O4 which simplifies to CO2
(carbon dioxide - ‘di’ means two)
(d) Copper(II) Bromide CuII BrI gives CuBr2 (you are told the valency of copper)
(e) Iron(III) fluoride FeIII FI gives FeF3 (you are told the valency of iron)
(f) Sulphur(VI) oxide SVI OII  gives S2O6  which simplifies to SO3
(this is sulphur trioxide - ‘tri’ means three)
(sulphur often has a valency of two.  Here, you are told it has a higher valency - six)
NaI OII
Na2 O1
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Question
Time
Write formulae for the following compounds:
(a) Hydrogen fluoride
(b) Calcium chloride
(c) Aluminium oxide
(d) Copper(II) chloride
(e) Iron (II) sulphide
(f) Zinc bromide
Now check your answers with your teacher.
How many did you get right?
More Complicated Molecules
What about molecules which contain three or more different kinds of atoms?  
Fortunately, our method can be adapted to make writing these formulae easy as well.  However, this 
depends on a simple idea.
Certain groups of atoms occur very frequently and it is possible to give the group of atoms a GROUP 
Valency.  Here is a list of the eight common groups you will need.  It is best to memorise these:
 Valency 1  Valency 2  Valency 3
 Hydroxide OHI Carbonate CO3II Phosphate PO4III
 Nitrate NO3I Sulphate SO4II
 Ammonium NH4I Sulphite SO3II
 Permanganate MnO4I
Look at the carbonate Group:   
CO3II this means that one carbon is linked to three oxygen atoms and the group valency is II
You can use exactly the same method as before.  Here is an example: Sodium sulphate
 Step 1:     Write the symbols of groups: Na SO4 
  Step 2:     Mark the valencies above the groups:  
NaI SO4II
 Na2 SO4
  Step 3:     Cross-over the valency numbers: 
   Step 4:     Write the completed formulae Na2SO4                      
This formula means there are:
 TWO sodium atoms,
 ONE sulphur atom and 
FOUR oxygens
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More Examples
(a) Copper (II) Nitrate
 Step 1: Write the symbols of groups: Cu NO3 
 Step 2: Mark the valencies above the groups: 
CuII NO3I
Cu (NO3)2
                                                                                                                    Use brackets - there are two nitrate  groups 
             Step 3: Cross-over the valency numbers:                                                                  
 Step 4: Write the completed formulae Cu(NO3)2
(b) Aluminium Hydroxide
 Step 1: Write the symbols of groups: Al OH 
 Step 2: Mark the valencies above the groups: 
AIIII OHI
Al (OH)3    
                                                                                                                                                   Brackets needed - there are three hydroxide groups
 Step 3: Cross-over the valency numbers                                                              
 Step 4: Write the completed formulae Al(OH)3
(c) Calcium Carbonate
 Step 1: Write the symbols of groups: Ca CO3 
 Step 2: Mark the valencies above the groups: 
CaII CO3II
Ca2 (CO3)2    The ‘2s’ are removed - brackets not now needed.
 Step 3: Cross-over the valency numbers:
 Step 4: Write the completed formulae CaCO3
(d) Ammonium Phosphate
 Step 1: Write the symbols of groups: NH4 PO4 
 Step 2: Mark the valencies above the groups: 
NH4I PO4III
 (NH4)3 PO4
 Step 3: Cross-over the valency numbers:               Brackets  are needed.  There are three ammonium groups
 Step 4: Write the completed formulae (NH4)3PO4
Question
Time
Now try the following.
Write the formulae for:
(a) Sodium hydroxide?  (b) Iron (III) chloride?
Some things to remember
(a) Always write the valencies in Roman numerals - it avoids confusions.
(b) When a group is to be ‘multiplied’, you must use brackets.
(c) Check at the end to see if numbers will cancel out.  However, only numbers common to ALL groups can be cancelled.   You 
cannot cancel Na2SO4.  This formula means that there are two sodium, one sulphur and four oxygens in the formula.
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(c) Potassium permanganate (d) Chromium (III)sulphate
(e) Potassium carbonate (f) Calcium hydroxide
Check your answers with your teacher
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The Meaning of Chemical Equations
Everything is made up of atoms and, usually, atoms are linked to each other.  Sometimes, there are changes.  When 
this  happens, chemical  bonds are broken and new chemical bonds can be formed.  This is  known as a chemical 
reaction.
Here are some simple examples:
(a) When carbon (like in coal) burns, the carbon atoms form bonds with the oxygen atoms to form carbon 
dioxide.  All  burning involves some element linking to oxygen.  That is why air (which contains oxygen) is 
needed for anything to burn,
(b) Nitrogen (from the air) can be made to link up with hydrogen to form a gas called ammonia (NH3).  This 
gas is very important in the manufacture of fertilisers for farming.
(c) When salt is  dissolved in water, the links between the sodium and chlorine are broken and the sodium and 
chlorine form links with the water molecules.
Let us look at some of these chemical reactions.  We can use formula to show the reaction.  This  saves a lot  of time 
and helps us to understand what is happening.
For example, suppose carbon burns in oxygen and carbon dioxide is formed.  We can write this down:
 Carbon + Oxygen burns to form Carbon Dioxide
We can show this as:
 C + O2 
burns
 CO2
This is known as  a chemical equation.  A chemical  equation is a shorthand way of describing what goes on when we 
change chemical materials.  A chemical equation is nothing do with equations in mathematics!!
Of course, the symbols and formulae represent atoms and molecules. In practice, they represent very large numbers 
of atoms and molecules, because atoms and molecules  are so incredibly tiny.  Remember that a handful of carbon 
contains about:   1 000 000 000 000 000 000 000 000  atoms of carbon!!
    
We can show this even more completely by using symbols to show which are solids (s), liquids (l) or gases (g).
The equation
 C(s)     +      O2(g) 
burns
  CO2(g)
This equation tells us that:
(1) One atom of carbon reacts with one molecule of oxygen to produce one molecule of carbon dioxide.
(2) One large number of atoms of carbon react with the same number of molecules of oxygen to produce the same 
number of molecules of carbon dioxide.
(3) The equation also tells us the state of the products and reactants:  the carbon was a solid while oxygen and 
carbon dioxide are gases.
There are four symbols used to give information about the sate of the substances
State Symbol
gas g
liquid l
solid s
dissolved in water aq
An equation can provide a very large amount of information in a summary form. 
Note
aq is short for aqueous and this word 
means dissolved in water
However, we must know how to write formulae and use them in forming equations.
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Writing Chemical Equations
When a chemical reaction occurs, it  can be described by an equation.  In a chemical reaction chemical bonds are 
broken and are made.
It is  a worldwide convention to write the equations from left to right. This is an accident of history.  The only reason 
that the arrow goes from left to right is that most chemistry was developed in Germany and the United Kingdom and 
writing in these countries is from left to right!
The chemicals that react are called the reactants and they are shown on the left-hand side.  The chemicals that they 
produce are called  the products  and they are shown on the right-hand side. The chemicals can be represented by their 
names or by their chemical symbols.  An arrow is used to show the direction of the reaction
Now try some for yourselves.
Discussion
Time
Write the equations for:
(1) When  magnesium burns with a very bright flare, it is just the reaction of  magnesium and oxygen
(2) The reaction between hydrogen gas and oxygen gas to form water
(3) When iodine is mixed with bromine, iodine bromide forms           
Check your answers with your teacher
Now try some on your own
Question
Time
Write chemical equations, in symbols, for the following reactions:
(a) Potassium burning in oxygen to form potassium oxide
(b) Aluminium reacting with iodine to form aluminium iodide
(c) Calcium oxide dissolving in water to give calcium hydroxide
(d) Copper(II) sulphate reacting with barium chloride to from barium sulphate and copper (II) chloride
Check your answers with your teacher
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Balancing Equations
You can now write chemical equations and these summarise what is happening when chemical bonds are breaking 
and are being formed.  However, there is a slight problem.
Let us go back to the reaction where hydrogen burns in oxygen to form water.  The reaction can be shown as:
 H2 + O2 
burns
 H2O
What this is saying is:
 A molecule of hydrogen reacts with a molecule of oxygen to form a molecule of water.
If we count up the atoms before and after, we find:
 Two atoms of hydrogen (in one molecule) along with two atoms of oxygen (in one molecule) give a water 
molecule which contains 2 atoms of hydrogen linked to one atom of oxygen.   The problem is that we have lost an 
atom of oxygen!!
This problem is easily solve by a process called balancing a chemical equation.  This  process  make assure that no 
atoms are created or destroyed.  In  a chemical reaction, the same number of atoms much be there at  the end as we 
started with.  All that has happened is that bonds have been broken and new bonds have been failed.
Let us look back at the same reaction:
If we start with TWO molecules of hydrogen, then TWO water molecules are formed:
 2H2 + O2 
burns
 2H2O
Look at this equation now. FOUR hydrogen atoms are present at the start and FOUR
 are present in the two water molecules. TWO oxygen atoms are present at the start
 and TWO oxygen atoms are present in two water molecules.
This procedure is known as balancing an equation. A balanced equation tells us the
 quantities of all reactants and products. The same number of each atom are present before 
and after the reaction.  All that happens in a reaction is that that the atoms are linked in 
different ways.
In general, we can balance a chemical equation by the following steps:
2H2+O2  2H 2O
Balancing Chemical Equations
(1)	
 Write down the correct formulae on  the left side and right side of the equation.
(2)	
 Start with the most complicated compound.   Add numbers which are written before the formulae to try to 
obtain the same number of each atoms at each side of the equation.
(3)	
 Repeat with the other compounds and do any elements last.
(4)	
 Remember:  you cannot change a formula.
	
 You can only add numbers BEFORE the compounds and elements.
(5)	
 When you think you have the answer, check  your  balanced  equation to be sure that you have the same total 
number of each type of atom on both sides of the equation arrow.
(6)	
 It sounds complicated but, with practice, it becomes quite a straightforward process.  You need practice to 
become an expert.
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Here are some examples to help you:
(a) Sodium reacting with oxygen to give sodium oxide
 Na + O2 
burns
 Na2O
Look at sodium oxide:    there are two sodium atoms and one oxygen atom
Putting a 2 in front gives two oxygen atoms on the right
 Na + O2 
burns
 2 Na2O
Look at sodium oxide again:    there are now four sodium atoms but only one on the left
Putting in a four on the left balances the equation:
 4 Na + O2 
burns
 2 Na2O
(b) Calcium reacting with water to give calcium hydroxide    
 Ca + H2O 
burns
 Ca(OH)2 + H2
Look at the calcium hydroxide:    there are two oxygen atoms but only one oxygen atom on the left hand side.
Putting a 2 in front of the water gives two oxygen atoms on both sides.
 Ca + 2 H2O 
burns
 Ca(OH)2 + H2
Count each type of atom:     you will find that the equation is now balanced
(c) Potassium chlorate decomposes on heating to give potassium chloride and oxygen
 KClO3 
burns
 KCl + O2
Look at the potassium chlorate.    It contains 3 oxygen atoms but, on the right hand side, oxygen contains only 2.
The only way to balance the oxygen is to double the potassium chlorate and produce three molecules of oxygen.
 2 KClO3 
burns
 KCl + 3 O2
That gets the oxygen right!
What about the potassium or the chlorine?
Doubling the potassium chloride formed solves the problem.
 2 KClO3 
burns
 2 KCl + 3 O2
Now try some yourself - balance the following equations on the next page.
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Question
Time
(1) H2 + N2 
burns
 NH3 
(2) C3H8 +    O2 
burns
 CO2 +    H2O
(3) Al +   CuO 
burns
 Al2O3 +Cu
(4) K2O +  H2O 
burns
 KOH
(5) I2 +   Na2S2O3 
burns
 NaI + Na2S4O6
Check your answers with your teacher
Discussion
Time
Now try some harder questions
(6) Al  + H2SO4 
burns
 Al2(SO4)3 + H2
(7) Cu(NO3)2 
burns
 CuO + NO2 + O2
(8) BaCl2  +  Al2(SO 4)3 
burns
 BaSO4  + AlCl3 
(9) NH3 + O2 
burns
 NO + H2O
(10) Zinc metal reacts with hydrochloric acid (HCl) to produce zinc (II) chloride and hydrogen gas.
 What is the balanced equation for the reaction?
 Check your answers with your teacher
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More About Bonding
We have discovered that negative electrons  between the nuclei of two atoms can hold the two atoms together.  Often 
two electrons are involved.  The picture is like:
However, bonding is a little more complicated than that.
If the two nuclei are identical, then the electrons will  be attracted equally by both.  Remember that the electrons are 
moving around very  rapidly.  However, over a period of time, they will not be attracted more to either one atom or the 
other.  This is known as the COVALENT Bond.
However, it is not very common and  will only be the case of both atoms are identical.  In most compounds, the two 
atoms are not the same.  This means that the electrons may spend a but more time nearer one end or the other.  This is 
known as the POLAR COVALENT Bond, or the POLAR bond for short.
Sometimes, the electrons are attracted so much by one atom and so  little by the other that they spend all their time 
with  the first atom.  That atoms becomes negatively  charge while the other atoms becomes positively charged.  This 
type of bond is known as the IONIC Bond.
There is an easy way to remember which bond to expect.  Here is a simple summary:
Bond Atoms Involved Electrical Conductivity
Covalent Two identical non-metal atoms No electrical conductivity
Polar Covalent Two different non-metal atoms No electrical conductivity
Ionic A metal atom and a non-metal atom Conducts electricity when dissolved in water
Think about it for a moment.  There is a final  possibility.  If two metal atoms are linking up, the electrons tend to 
move around very freely and that is why metals conduct electricity.
Question
Time
What type of bonding would you expect to exist in each of the following compounds?
Compound Bonding
Aluminium Oxide
Water
Sodium chloride
Iodine
Hydrogen chloride
Copper Bromide
Potassium Iodide
Nitrogen Dioxide
Silicon
Carbon Dioxide
Zinc Chloride
Check your answers with your teacher
2 electrons ++
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More About Atomic Number and Mass Number
You will remember that we described what we meant by these terms on page 13.  Here is a reminder.
There is standard way to show the atomic and mass numbers along with the symbol.  Here is an example:
This lithium contains 3 protons, 4 neutrons and 3 electrons
Think about it for a moment.   Given the atomic number and the mass number, we can know how many of all  three 
particles is in a neutral atom.
Question
Time
Try to complete the following table.
Discussion
Time
(1) Look at the two Carbon atoms.   In what way do they differ?  Are you sure they are both carbon atoms ?
(2) Look at the sodium in the final line.  Write down the electronic arrangement (electrons in shells) for sodium 
metal and then write down the electronic arrangement for the sodium in the table.  In what way do they differ?  
(a) The Atomic Number is the number of protons in each atom of the element.
(b) The Mass Number is the total number of protons plus neutrons.
(c) If an atom is electrically neutral, then the number of electrons must be equal to the number of protons.
(d) When two atoms differ only in the number of neutrons, they are known as ISOTOPES.
Li7
3
Atomic Number
Mass Number
Element Protons Neutrons Electrons
6 8 6
F19
9
C14
6
H1
1
Ti48
24
U238
92
C12
6
Na+23
11
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Summary
Discussion
Time
Here are some General Questions to Discuss Together.
(There are no easy answers!)
(1) What is the evidence that atoms are made up of protons, neutrons and electrons?
(2) What made it very clear that every atom contains a tiny nucleus and that the electrons are spread out widely.
(3) How did you show that water is made up of hydrogen and oxygen bonded together?   Does  the experiment  show 
with certainty that water is hydrogen oxide?
(4) Why do you think it  is impossible that  the number of atoms of the various elements must remain the same 
before and after a chemical reaction ?
(a) Everything in the world is made of about different kinds of atoms linked together in a huge variety of ways.
(b) A compound is formed when two or more different kinds of atoms are bonded together.
(c) A mixture is formed when there is no chemical bonding involved.
(d) Atoms are made up of a tiny nucleus (containing protons and neutrons) surrounded by a considerable space in which the electrons 
move.
(e) Chemical bonds can form when two nuclei (which are always positive) are attracted to electrons between them.
(f) Electrons can only possess certain fixed amounts of energy and they are arranged in shells around the nucleus.  However, the 
electrons do NOT orbit the nucleus.
(g) The outermost electrons are involved in bonding.
(h) Each element has at least one valency number.  The valency number tells how many other atoms can link to that atom.
(i) The valencies can be remembered by looking at a periodic table.
(j) In a chemical reaction, chemical bonds are made and broken.  This is sometimes known as a chemical change.  All other changes 
do not involve bonds being broken or formed.
(k) There are covalent bonds (two identical non-metal atoms), polar covalent bonds (two different non-metal atoms, and ionic bonds 
(metals and non-metal atoms).
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This workbook aims to introduce the school students to the main ideas related to atoms, 
elements and the way they form bonds.  The chemistry has been updated and the approach 
reflects the most modern trends in teaching and learning.
The overall aim is to encourage the students to look at the evidence which has shown how the 
world of atoms works and to think critically about the chemistry involved.
There are not too many experiments which can be done in this section of work.  However, 
great  emphasis is placed in group work (with small groups of about 3-4 students working 
together).  Please allow the students the freedom to work on their own and to work in groups as 
indicated by the booklet.  Please allow them to do the experiments (or demonstrate them where 
safety demands).
Allow the booklet to direct the teaching.  Please do not lecture!!
At various places, the students are asked to check their answers with you.  Answers are provided 
in this guide.
We hope you find the approach both challenging and enjoyable for your pupils.
Thank you for your help.
Teacher’s Guide
The World Around Us
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Some Extra Information and Answers
Page 3 You may find it useful for the whole class to give in some of their answers to the final column 
of the table so that they can learn from each other.  The internet is a wonderful source of 
information here.
Page 4
(1) The dates of discovery for some elements are not given. Can you suggest a reason why 
they are not shown?
  They have known for so long that there is no historical record.
(2) Why were metals like copper, silver, gold, tin and lead discovered so early?
  Lack of reactivity, or, in their language, they do not link strongly to other 
atoms.
(3) Many of the metals in columns I and II were discovered near the start of the 19th century. 
These are common metals. Why were they discovered so late in the world’s history? What 
allowed them to be discovered at this time?
  These metals link strongly to other elements, difficult to obtain pure.   In fact, 
their extraction  had to wait for the discovery of electricity by Volta in Italy. 
(4) Look at the last column (the noble gases). Where do most of these gases occur in the 
world? Why do you think they were they all discovered at a similar time?
  In the air.  The separate the gases, air needs liquified and then distilled.  The 
technology to do  this was only developed in the late 19th century to separate gases 
in the air. 
(5) Nitrogen, oxygen and chlorine were all discovered about the same time. Can you suggest 
a reason why? Why was fluorine discovered later?
   They were discovered after scientists had developed techniques and equipment 
to handle gases
Page 5 (a) Bromine and Mercury are liquids at room temperature. 
(b) H, N, O, F, Cl, He, Ne, Ar, Kr, Xe, Rn
(c) Fe, Co, Ni
(d) H
(e) Pb, C 
Page 6 They may mention Titanium.  TiO2 is the very common ore but it is extremely difficult to break 
the polar Ti-O bond and release the metal.  
Page 8 C,  Ca,  Cd,  Cl,  Co, Cr ,  Cs,   Cu,
(1) Oxygen is in the air, in most rocks (mainly silicates), and is in all water.
 Silicon is only in rocks but most rocks are silicates.
(2) The main surprise is Titanium - see above.  However, Manganese may also not be familiar 
to them.  This is fairly easily extracted from its ore (mainly MnO2) and is a major 
constituent of much steel.
(3) The compounds of Group I metals are water soluble and have been washed into the sea 
over the millenia. 
 Group II compounds are also in the sea (especially magnesium and calcium) but they are 
not always soluble and there are huge deposits of rocks containing calcium., magnesium 
and strontium.  
(4) They do not form strong bonds with other elements and cab be found as metals or are 
easily extracted.
(5) Strontium was discovered a remote small silver-lead mine in the mountains in Scotland 
and named after the nearby village.  The metal is quite common and has fairly specialised 
uses, the most well known being that it gives a lovely strong red colour to fireworks.
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Page 11 The model for the atom does not follow the orbit type approach seen in some textbooks.  It was 
shown nearly 100 years ago that this model was wrong.  Do not introduce the orbit model as it 
leads to wrong conclusions, especially wrong understandings of molecular shapes and it is 
largely irrational and now discarded.  The approach adopted here follows the work of 
Schrodinger in the 1920s and his understandings have been shown to  be essentially correct. 
You may be used to teaching using orbits and octets.  BOTH of these ideas are known to be 
TOTALLY misleading.  Please avoid them.
Page 15
(1) 1, and 8.  Looking down any column gives a constant number of outer electrons.
(2) This is meant to lead them to see that it is the outermost electrons which are most likely to 
be the important ones when it comes to understand how atoms link together.
Page 16 The approach using modelling balloons is well established, great fun and gives a correct picture 
of molecular shapes.  Plan ahead to obtain such balloons.  The students will enjoy this bit.
Page 20 onwards:   The method used here (and on the following pages) for teaching the writing of 
formulae is well tested and gives good success rates.    Think it through carefully, before you 
work on this section.   Try to be totally consistent with the approach used in the booklet.
Page 22 HF, CaCl2, Al2O3, CuCl2, FeS, ZnBr2
Page 24 NaOH, FeCl3, KMnO4, Cr2(SO4)3, K2CO3, Ca(OH)2
Page 26
Page 29
(1) 3 H + N2  2 NH3 
(2) C3H8 +  5 O2  3 CO2 + 4 H2O
(3) 2 Al + 3  CuO  Al2O3 + 3 Cu
(4) K2O + H2O  2 KOH
(5) I2 +  2 Na2S2O3  2 NaI + Na2S4O6
(6) 2 Al  + 3 H2SO4  Al2(SO4)3  + 3H2
(7) 2 Cu(NO3)2  2 CuO + 4 NO2
 + O2
(8) 3 BaCl2  +  Al2(SO 4)3  3 BaSO4  + 2 
AlCl3 
(9) 4 NH3 + 5 O2  4 NO + 6 H2O
(10) Zn + 2 HCl  ZnCl2 + H2
(1) Mg + O2  MgO
(2) H2 + O2  H2O
(3) I2  + Br2  IBr
(a) K + O2  K2O
(b) Al + I2  AlI3
(c) Ca + H2O  Ca(OH)2 + H2
(d) CuSO4 + BaCl2  BaSO4 + CuCl2
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Page 30
Compound Bonding
Aluminium Oxide Ionic
Water Polar (covalent)
Sodium chloride Ionic
Iodine Covalent
Hydrogen chloride Polar (covalent)
Copper Bromide Ionic
Potassium Iodide Ionic
Nitrogen Dioxide Polar (covalent)
Silicon Covalent
Carbon Dioxide Polar (covalent)
Zinc Chloride Ionic
Page 31
(1) The carbon atoms differ in neutron content in the nucleus.  Yes, they are both carbon atoms 
because they both possess 6 protons.  Every carbon atom must possess six protons (the atomic 
number) but they may vary in the neutron content (isotopes)
(2) 11Na 2)8)1
 11Na+ 2)8)
 The latter is a sodium ion.
Page 32 These questions are designed to make the students think. There are no neat and perfect answers.
(1) Given that we cannot even see atoms, it is impossible to ‘see’  proton, electrons and neutrons 
directly at all.
 The early work with the metal radium found that atoms of radium were throwing out positively 
charged particles.
 The charge could be found in that they were attracted to the negative pole of electricity and their 
mass was found to be 4 by looking at how much they were deflected when attracted and repelled 
by a electrical charged plates.
 Further work on radioactive atoms found that other atoms were throwing out much smaller 
negative particles.  These were identified as the same as the particles in electrical current.
 Thus, it seemed likely that atoms were made up of positive particles and very much lighter 
negative particles.
Element Protons Neutrons Electrons
6 8 6
9 10 9
24 24 24
92 146 92
1 0 1
6 6 6
11 12 10
F19
9
C14
6
H1
1
Ti48
24
U238
92
C12
6
Na+23
11
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(2) The Rutherford experiment showed clearly that the positive particles were all to be found 
concentrated in a tiny space at the centre of the atom, with the electrons moving around very 
rapidly in a much larger space around the nucleus.
 An early model was to suggest that electrons were orbiting.  This was almost immediately rejected 
in that calculations showed that this was totally impossible.  The later work of Schrodinger showed 
a more accurate picture and led to the idea of layers of electrons.  However,  the work of 
Schrodinger showed that the electrons tend to move about in volumes of space more like elipsoids 
(not circles or spheres).
(3) If electricity from a battery is passed through water (with a tiny amount of acid added to increase 
conductivity), hydrogen is obtained at the cathode (negative pole) and oxygen at the anode 
(positive pole).  All this shows is that water contains hydrogen and oxygen.  If course, water might 
contain another kind of atom as well!! The only way to be sure that water contains ONLY 
hydrogen and oxygen is to burn hydrogen in oxygen and see of we obtain water.  Of course, this is 
what happens.
(4) If the number of each kind of  atom varied, then matter could be destroyed or created.  This would 
have interesting consequences for the world!!  It would mean that we could create more of things 
we want (like gold,  diamonds or platinum) and destroy things we do not want.  In fact, it has been 
observed that matter is never created and destroyed in a chemical reaction.  In passing, matter can 
be created and destroyed in a nuclear reaction but the more correct understanding is that matter can 
turn into energy and energy can turn into matter.  Therefore, mass-energy cannot be changed.  This 
is happening all the time on the sun where mass is being converted into energy which reaches us as 
heat and light.
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Correlation
The linear association  between two scale variables  is measured by correlation. Correlation determines if any 
relationship exists and if so, what the likelihood of its being caused by chance is. This can be determined by finding 
the correlation coefficient. Hence, a perfect  match of the two measures would be indicated by a value of +1, a value 
of -1 indicating an inverse relationship, while a value of 0 would indicate that  there was no relation at all  between the 
two variables (Hindal, 2007). It is  also possible to obtain the probability of a value emerging by chance. Probability 
values of p < 0.05, p < 0.01 and p < 0.001 are generally used in science education studies, as these reflect the 
mathematical character of the normal distribution.  It does not  determine the reason for the existence of any 
relationship nor offer any suggestions as to cause and effect between the variables. 
Three types  of correlation are widely used in statistics. One is  the Spearman correlation,  the basis of which is the 
ranking of the two variables (Alenezi, 2008). It  does not assume anything about the distribution of the values and is 
employed when at least one of the variables is  not measured on an interval scale (Alenezi, 2008). While Spearman’s 
correlation can be used where there are a few tied values, if there are many tied values, then it  is more suitable to use 
the Kendall’s  tau-b correlation.  Kendall’s tau-b is used mainly with ordinal  data where are not very many points on 
the scale, usually  5 or 6 (see Hinton  et al., 2004; Pallant, 2005).  Kendall’s tau-b correlation is  a non-parametric 
correlation that measures the association between two ordinal  variables and is often employed for small data sets with 
a large number of tied ranks (Al-Qasmi, 2006). It  therefore functions  without regard to the distributions of the 
variables (Al-Qasmi, 2006). All the scores in the Kendall  tau-b statistic are ranked on each variable and an 
assessment is made of the extent  to which the ranking on the first variable is matched by that on the second variable 
(Al-Qasmi, 2006).  In Kendall’s tau-b, the range is also from -1 to +1 (Kinnear and Gray, 2000 ).  
Perhaps the most widely-used correlation method is Pearson’s correlation, particularly when the data involve 
measurements from a scale such as examination marks, weights  or heights (Hindal, 2007). It is a parametric 
correlation coefficient and is also known as  “Pearson’s product  moment correlation” (Hinton et al., 2004). The 
assumption  in the Pearson correlation coefficient  is that  there is an interval  on which the measurements have a normal 
distribution and have no outliers (Kinnear and Gray, 2000). It also depends on the assumption that there is a linear 
relationship between variables  (Al-Qasmi, 2006). However, if there is a considerable deviation from normal 
distribution, for instance, the presence of outliers, or if the data are ordinal, then the Pearson correlation is not 
suitable. Similarly, the Pearson correlation is unsuitable if the relationship between the variables  is not linear or there 
is an outlying point.
In a two-tailed  test, there is no assumption that the correlation will  be positive or negative, whereas with a one-tailed 
test, it is possible to  assume prior to the test whether the correlation will  be positive or negative (Al-Qasmi, 2006). 
Hence, one-tailed correlations  are generally used to calculate correlations between various assessment  formats in 
separate parts of a test, but two-tailed  correlations are employed to calculate correlations between individuals’ 
cognitive characteristics and various assessment formats (Kinnear and Gray, 2000). 
The following figure gives an example of how the SPSS statistical package generates statistical data.
Figure XXX: Example of statistical data generated by SPSS  
Test 1 Test 2 Comment
Pearson Correlation 0.26
A conventional way of reporting these figures would be as 
follows:
r = 0.26, N = 273, p < 0.001 (2-tailed).
These results indicate that as success in test 1 increases, test 2 
performance also increases; a positive correlation. 
The appropriate illustrative statistic to support Pearson 
correlations is a scatterplot (Hinton et al, 2004).
Significant (2-tailed) 0.001
Sample (N) 273
** Correlation is significant at the 0.01 level (2-tailed)
The correlation coefficient is 0.26, with a p- value (2-tailed) of 0.001(r is 
significant at the 0.1% level).
In this study, Kendall’s Tau-b correlation was used to analyse any relationships concerning the survey questions 
(ordinal data).  Pearson correlation was used to  explore relationships between integer data approximately normally 
distributed:  scores in tests, marks)
Factor Analysis
Factor analysis is a technique used to reduce data, by summarising a large set of variables to  a smaller set of factors 
(Pallant, 2005).  The factor analysis technique is used in two principal applications, one of which is to  find the 
relationships between variables and classify them, while the other is  to reduce the number of variables  (Alenezi, 
2008).  However, the factor analysis does not explain  what the factors are; this is left to the researcher’s own 
judgement (Hindal, 2007). 
In this study, the Principal  Components  Analysis approach was used. Varimax rotation  using  SPSS was carried out to 
ensure that the questions and the factors related to each other as closely as possible. There is some disagreement as to 
the amount of variance to be explained by  the low number of factors;  therefore in this study it was set at  70% as a 
minimum. 
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Chi-Square
Chi-square is  a non-parametric test  which is employed to compare patterns of frequencies or responses (Alenezi, 
2008).  In chi-square, the data are discrete, that is, there are no decimal places between data points (Cohen  et al, 
2010). It is  most often used to test  the statistical significance of results in bivariate tables.  It can be employed to 
compare responses to a questionnaire administered before and after a particular event, e.g. training, to determine 
whether the event has made any difference (Alenezi, 2008).  
Chi-square is applied in two ways:   goodness-of-fit  and contingency tests.  Goodness-of-fit tests are used to make a 
comparison of patterns of responses between an experimental group and a control  group.  Chi-square measures the 
goodness-of-fit between an  expected result and an actual result of set of results (Cohen et al, 2010). Contingency tests 
are used to compare patterns of responses between two groups, neither of which  is a control group, e.g. male and 
female (Alenezi, 2008).  It compares frequency distribution when the data are not  normally distributed (Alenezi,
2008).
In this  study, the chi-square is used to compare experimental and control groups in a goodness-of-fit test and to 
compare between boys and girls, and grades 1, 2 and 3  in intermediate school  in Saudi Arabia through contingency 
tests. 
In this study, the data from the surveys were entered on a spreadsheet and the overall  frequencies for each group 
(boys and girls in grades 1, 2 and 3 in experiment 1 and boys and girls and, control and experimental  groups in grades 
1 and 3 in experiment 2, as well as the total in experiment  2).  To compare them, chi-square (χ2) as a contingency test 
was used.  
The value of the chi-square is likely to be inflated if a category falls below a specific value, which may produce a 
misleading result (Reid, 2003).   In this study, data were grouped if required.  Using degrees of freedom, a 
comparison was made of the chi-square values thus obtained and the values from chi-square tables in order to reveal 
significant differences.  A degree of freedom (df) is given for any calculated chi-square value. The following 
calculation is used to obtain  the value of the df for any analysis:     df = (r-1) x (c-1)   (where r is the number of rows 
and c is the number of columns in the contingency table).
Gorard (2001, p. 233) suggests that “the degree of freedom is the number of scores we need to know before we can 
calculate the rest.”
t-Test
The t-test is  used to compare the means of two sets of data to determine whether they are significantly different 
(Alenezi, 2008). The t-test assumes an approximately  normal distribution of data, which are interval or ratio (Cohen 
et al., 2010). There are several types of t-test, such as the independent sample t-test and the paired sample t-test. The 
former is  used to  compare the mean scores of two different groups, while the latter is used to make a comparison of 
the mean scores of the same group at two different times (Alenezi, 2008).  The independent t-test is  very widely-used, 
while the paired sample t-test is used less frequently (Cohen et al, 2010). In addition, in an independent t-test, it is 
assumed that one variable is categorical  (for example, male and female), while the other is continuous, such as 
examination marks (Cohen et al, 2010). Therefore, in this study, the independent samples  t-test was used. 
Working Memory Test (FIT)
The Standard Figure Intersection Test (FIT) is another test to  measure the capacity of the working memory. It uses the 
visual sensory memory. This test was developed by Pascual-Leone and Smith (1969) and Pascual-Leone (1970).  The 
test involves  the subjects having to find an overlapping area of a group of shapes which make up a pattern.  Each 
successive task involves an increasing number of shapes, from 1 to 9, and a the complexity of the pattern  increases 
with  the number of shapes  (Onwumere, 2009).  The subject looks at the individual shapes, shown on the right-hand 
side, and the pattern of intersecting shapes is  shown on the left. The overlapping area which the subject must fill  in is 
known as the intersection of the individual  shapes  (Onwumere, 2009). The size of the subject’s working memory is 
measured by the number of shapes of which he or she can find the intersection. For example, if the working memory 
space of the subject is  six (X = 6), this signifies that this subject  can find the intersection of up to 6 shapes, but cannot 
find the intersection  for more than 6 (Alenezi, 2008). This test  generally has 36 items for adults and 25 for children 
and each item must be completed in around 15 seconds (Jung, 2005).  However, according to  Onwumere (2009), 
there are usually 20 items in the test. In the present research, a 20-item FIT is used.
On occasion, a shape will be seen in the pattern which does not appear in the group of individual shapes on the right-
hand side in order to determine whether the subject is able to choose only the relevant shapes (Alenezi, 2008).  
These two psychological tests (the DBS and the FIT) were used by El-Banna (1987) to test their  consistency.  He 
found that 70% of the sample (529 out of a sample of 754) had  the same scores in both the tests, although the former 
is  based on numbers  and the second is a visuo-spatial  test. This supports the reliability and validity of the DBS and 
the FIT (El-Banna, 1987). 
Two advantages of the FIT test are that  it  is  simple to administer as it is a written test, and, because it  is based on 
shapes, it is unlikely to be dependent on culture and educational setting (Hindal, 2007).
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Dear pupils, 
Science learning is based on observation and thinking, experience and conclusions.
We are pleased to offer this approach to our first and third graders in intermediate schools, 
to emphasise that learning science can be enjoyable and fun.  It is fun to do some simple 
scientific activities, and enjoyment can be gained from the results. 
The title chosen for this approach reflects this idea. This book aims to help students to 
recognise and understand the nature of science and the development of critical thinking 
skills. To achieve these goals a scientific method providing the concepts in the form of 
modules in a logical sequence and integration with other topics has been used. The topics 
included in this approach deal with key concepts in the fields of material, energy, chemical 
reactions, and forces and motion, helping to encourage scientific research and investigation.
The curriculum is based on arousing the interest of pupils in learning and scientific 
knowledge and benefiting from their experiences of the world around them through various 
activities and exercises. It also takes the approach using active learning strategies, which 
are based on the idea of the learners’ involvement in the implementation of lessons. 
Therefore, the lessons involve sources of knowledge and use modern technology, 
encouraging research skills, self-learning and the development of critical thinking skills 
which help students to reflect and use self-assessment as part of their studies, consistent 
with the philosophy of comprehensive evaluation.
The curriculum was shown to a group of specialists in curriculum and methods of teaching 
science and to inspectors and teachers. It was shown to a range of targeted school pupils to 
confirm the approach of the curriculum in terms of taking into account the nature of the 
age group and the nature of knowledge. One of the aims of the pilot study was to determine 
the time required for completion of the booklet. A further aim was to ensure that the 
booklet was neither too difficult nor too easy for the purpose. In addition, it was important 
to determine whether the booklet was comprehensible and unambiguous for the subjects in 
order to avoid any misunderstandings. Minor modifications were then incorporated.
                                                                                    
Khalid Alosaimi  
(Researcher) 
Professor
Norman Reid
(Supervisor)
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 Appendix 13
(Holsti equation)
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Holsti equation
Validity and reliability  of the analysis  of the content and the index of agreement were verified using the Holsti 
equation (Holsti, 2002 cited in Sabri  and Kamal, 2001), twice for each year, with a four-week interval between each 
analysis, specifically to calculate the reliability of the analysis: 
Where 
C.R: index of analysis reliability 
M: number of times of agreement in the analysis process.
N1: number of items reached by the researcher in the first stage.
N2: number of items reached by the researcher in the second stage.
According to the standard set by Tu'aima (1987 pp. 173-174),a reliability coefficient analysis of less then 70% 
indicates low stability, while 70% or over indicates high stability.  Therefore, it  is clear that there is high stability for 
both grades 1 and 3 as  the there is a high reliability coefficient for analysis of the content. 
Grade Points of first agreement
Points of second 
agreement
Points of 
agreement
Ratio of 
agreement
First 85 97 85 0.97
Third 87 99 87 0.94
   Curriculum Consistency
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